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PREFACE

In every major system acquisition the project
manager must review and assess the uncertainty
confronting the acquisition. How this uncer-
tainty is perceived, assessed, and approached
has not been determined. Risk and uncertainty
are integral aspects of the manager's decision
making role, whether the decision is micro or
macro and it requires an assessment of the
scope and magnitude of uncertainty. Yet,
research disclosed that decision makers in

the Department of Defense and the private
sector seldom give the concept much attention.

There is a need to develop an awareness and a
better understanding of the state-of-the-art

in managing risk and uncertainty. The need
exists particularly in DoD for proper attention
to the policy established for the identifi-
cation of risk in DoD Directive 5000. 1 and DoD
Instruction 5000.2. These require management
to provide estimates that identify bands of
uncertainty and the risks for technological

and production milestones.

1t was an awareness of this lack of attention
and focus that led to the first Risk and Uncer-
tainty Conference at the University of
Southern California in February 1979. This
conference was adjudged an outstanding suc-
cess. One of its outputs was an intensified
awareness of the fragmented and ad hoc ap-
proach that existed to understanding the
subject of risk and uncertainty. Thus, the
seeds for the genesis of the second Risk and
Uncertainty Conference were planted in Los
Angeles. The staff of the Air Force Business
Research Management Center and faculty at the
University of Southern California sensed the
urgency to continue the further defining and
bounding the discipline of risk and uncer-
tainty and thus co-sponsor this second con-
fcrence.

The conference had as a theme or overall ob-

ject ive: "Define the Current State-of-the-
Art in Managing Uncertainty in Major Acqui-
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sition Activities.”" A basic approach used
for the conference was the selection of
outstanding professionals with the expertise
to generate and present significant papers
and/who would, by their personal contributions
as panel members, be able fo place initial
boundaries around this emerging field of
knowledge. The idea of having experts,
theoretical and practical, from industry,
gqovernment and academe helped pace the
organization and execution of the conference.

The conference theme and subject of risk and
uncertainty was divided into four areas (or
sections): applications, taxonomic concepts,
methodologies, and assessments. The appli-
cations area was covered first to identify and
intensify the problems assoclated with the
application of risk and uncertainty concepts.
The four areas then served as the basis for
conducting the panels. The panels in each of
the areas had additional objectives, including
the preparation of recommendations. The pan-
els met the workshop objectives, and made a
significant contribution to the conference.

The panel format was based on using a small
group approach. Outstanding theorists, and
practitioners were invited to present papers,
to chair panels and to serve in appropriate
other roles. Each paper was presented to a
panel composed of ten to fifteen individuals.
Thus, it took the form of a seminar. The
panel chairmen served as moderators and later
summarized the panel discussion at a plenary
session.

This interaction, in small groups, on a well
defined subject for a lengthy period of time
(over two hours) led to a much greater depth
of discussion, personal involvement, exchange
of ideas and cross fertilization than occurs
in a typical professional mecting. The
response was well bheyond our expectations.
The people who attended came with cvnthusiasm
and dedication to the task, they interacted
and they hammered out the general beginnings
of a new discipline which has at its focus
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risk and uncertainty.

The initial thrust for the conference was
established in a penetrating manner by the
keynote speaker, Brig. Gen. William Thurman,
Commandant of the Defense Systems Management
Co~lege. He reviewed the sophisticated
weapon systems that will be acquired in the
1980's, and the levels of uncertainty that
will surely be associated with them in terms
of cost, schedule and performance. He
placed the problem of improving management
of risk and uncertainty squarely on the
shoulders of the conference participants.

While the published papers reflect the ex-
perience and research effort of the authors,
it is difficult to adequately recognize the
dynamic interaction and intellectual stimu-
lation that occurred during the panel dis-
cussions and after the presentation of

each paper. Those serving as panel chair-
men in each area {or section) met, selected
a recording secretary and reported on these
discussions, suggestions, and the recom-
mendations of each panel. The recorders
then presented this information to the
final general session. Again, there was
lively discussion.

The written reports and notes of the panel
chairmen have been synthesized and combined
into a summary for each area or section of
this proceeding. The range and thrust of
the recommendations from these panels are
an indication of the momentum that was
attained. The seriousness and dedication
of participants to continue their study

and research is also evident from the
recommendations for future activities.’

One recommendation receiving almost unan-
imous recognition was the need for defini-
tion. The identification of semantic
differences from the mathematical to the
practical usage of terms in disucssions
was most apparent and frequently frustra-
ting. The same terms were used for many
very different concepts and methodologies.

This problem leads to the next major recom-
mendation for the need of further defini-
tional categories and developing an ap-
propriate texonomy as essential to the
order and progress of the discipline.
Without well defined and understood termi-
nology the semantics required to translate
or integrate applications into state-of-
the-art via a taxonomy and flush out the
skeletal framework will be extremely
diflleatt.

There were a number of specific recommen-
dations made by the panels. They constitute
a substantive list of problems and issues
for further study and research. These are

shown at the end of each section of papers in
the proceedings.

Above all we believe that the conference es-
tablished a technical and management base-
line upon which to build. Thus, in closing
our challenge to the participants who will now
study the conference results and to those
who study these proceedigns is that they
accept the challenge of the research, and
experimental applications needed to meet an
ever increasingly complex and turbulent ac-
quisition enviromment. The resources must
be applied to this task and contracting
agencies must focus on how best to integrate
these concepts into more meaningful con-—
tractual expectations.

As a final note, two dedicated individuals, Ed
Cochran and Capt. William Glover, who to a
large extent were responsible for the concept
of this second conference are no longer with
us. It is our fond hope that what we accom-
plished will serve as a fitting memorial to
two incredible people.

May 1981
Col. Martin D. Martin

Dr. Alan J. Rowe
Dr. Herold A. Sherman
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BRIGADIER GENERAL WILLIAM E. THRUMAN

origadier General William E. Thurman is com-
madant of the Defense Systems Management Col-
lege, Fort Belvoir, Virginia.

He graduated from the U.S. Naval Academy, An-
napolis, Maryland, in 1954 with a bachelor of
science degree and was commissioned as a sec-
ond lieutenant in the U.S. Air Force. He
earned a master of sclence degree in aeronau-
tical engineering from the Air Force Institute
of Technology, Wright-Patterson Air Force Base,
Ohio, in 1962 and a master of administration
degree in management engineering from the
George Washington University, Washington, D.C.,
in 1971. He completed Squadron Officer School
at Maxwell Air Force Base, Alabama, in 19593
the Army Command and General Staff College at
Fort Leavenworth, Kanses, in 1965; the Indus-
trial College of the Armed Forces at Fort Les-
ley J. McNair, Washington, D.C., in 1975; and
the Stanford University executive program in
1977. He also attended the University of Ken-
tucky and Ohio State University.

Assigmnets in research and development have
included tours of two years with the Aero-
space Research Laboratories at Wright-Pat-
terson Air Force Base, one year with Air De-
fense Command at Ent Air Force Base, Colo-
rado, two years in Headquarters U.S. Air Force
at the Pentagon, two years with the National
Aeronautics and Space Council staff in the
Executive Offices of the president, and 6%
years with the Aeronautical Systems Division
at Wright-Patterson Air Force Base.
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Assigned to the Aeronautical Systems Division
in August 1971, General Thurman became a
charter member of the Prototype Proagram
Office as its assistant director. He was
named the deputy for prototypes in June 1973,
deputy for air combat fighter in May 1974,
deputy for F-16 in January 1975 and deputy
for engineering in May 1976. He received

the Air Force Associations Meritorious Award
for Program Management in 1976,

In May 1978 General Thurman was assigned to
the Electronic Systems Division at Hanscom
Air Force Base, Massachusetts, as deputy
for control and communications systems.
General Thurman began his current duty in
July 1979.

MR. RICHARD D. ABEYTA

Mr. Abeyta has spent the last four years
researching, teaching, and applying risk

and uncertainty analysis in the Army material
acquisition process. He has researched and
published several studies applying Operations
Research and Decision Analysis to the Army
logistics process and has coauthored a hand-
book on Decision Risk Analysis. He is
currently on the graduate night school staff
of the Florida Institute of Technology and
Chapman College, teaching Operations ~
Research. He is a member of Alpha Pi Mu

and Tau Beta Pi honorary societies. Mr.
Abeyta is Chief of the Decision Risk
Analysis Committee in the Systems and

Cost Analysis Department of the U.S. Army
Logistics Management Center (ALMC).

DR. DAVID N. BURT

David N. Burt currently is lecturer in
marketing and logistics at San Jose State
University. DOr. Burt is a frequent guest
lecturer and speaker in this country and
abroad on topics in the areas of acquisition
management, logistics, production, and pur-
chasing. Dr. Burt received his Ph.D. from
Stanford University in 1971. Since that time,
he has taught at the two graduate schools of
the Department of Defense and been a con-
sultant to several DOD and private organi-
zations. He has authored some 20 articles
in the areas of acquisition, lTogistics, and
long range planning. His current efforts
are directed to a book on the material
acquisition process in the private sector.

MAJ RICHARD F. DeMONG (USAF Reserve)

Major DeMong is an Associate Professor of
Commerce at the McIntire School of Commerce,
University of Virginia. He is a Doctor of
Business Administration in Finance and
Management Science (University of Colorado).
He has published articles in the American
Journal of Small Business, Journal of
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General Management, National Contract
Management Quarterly Journal, and the
Defense Management Journal. Also, he is a
member of several national financial
associations. Major DeMong is a Research
Associate (USAF Reserves) at the Air Force
Business Research Management Center, Wright-
Patterson AFB, QOhio.

DR. WARD EDWARDS

After spending 15 years at the University
of Michigan, Dr. Ward Edwards moved to the
University of Southern California in 1973.
He is now Director of the Social Science
Research Institute and Professor of
Psychology and of Industrial and Systems
Engineering at USC. The Institute that

he directs conducts large scale research
programs applying scientific tools and
methods to problems such as evaluation and
improvement of criminal justice systems,
techniques for resolving criminal and
civil disputes without recourse to the
courts, use of geographically coded
records for planning and social program
evaluation, differential equation models
of social phenomena, biological and social
determiners of schizophrenia and crimi-
nality, physical and social tradeoffs
among alternative energy sources, and the
like.

Dr. Edwards is a psychologist by training,
and his personal research interests are
mostly concerned with the methods and
applications of decision analysis with
behavioral decision theory. He helped
introduce Bayesian ideas into psychological
research, primarily from the point of

view that uses Bayes's Theorem as a model
of human inference processes. His current
research is concerned with the character-
istics of multiattribute utility models,
with elicitation methods appropriate to
their use, and with their application to
social program and evaluations. His
research has always attempted to blend
abstractions with applications; most of it
is set in or relevant to solution of some
real-world decision problem.

MR. JOHN S. W. FARGHER, JR.

After his graduation from the Montana
College of Mineral Science and Technology
in 1969, Mr. Fargher began his Department
of Army civilian career as a Production
Design Engineer at the Red River Army
Depot Intern Training Center. He was
graduated from the center in 1971 with a
certificate as a Production Design
Engineer, and also received a master of
engineering degree in industrial engi-
neering from Texas A & M.



His initial assignment was the Systems
Engineer for the Small Caliber Ammunition
Moderization Program (SCAMP), Frankford
Arsenal, where he directed the development
of the Ballistic Test System, which is now
the Army standard for ammunition proof and
acceptance. In 1973, he was Chief of the
Production Planning and Control Division,
U.S. Naval Ammunition Depot, Hawthorne, Nev.,
directing the workloading of the Ordinance
Department. In 1974, he became Lead
Mechanical Engineer with Rodman Laboratory,
Rock Island, I11., and attended PMC 74-2
at the Defense Systems Management College.
In 1975, Mr. Fargher was Industrial Engi-
neer with the Iranian Aircraft Project
Manager's Field Office, Teheran, Iran,
managing the Bell Helicopter International
contracts for establishment of a helicopter
Togistics system for the Government of Iran.
After completion of his tour in 1977, Mr.
Fargher was Deputy Chief of the Materiel
Systems Development Division, Directorate
of Combat Depelopments, U.S. Army Trans-
portation School, Fort Eustis, Va. He
joined the staff of the Defense Systems
Management College in December 1978. Mr.
Fargher also completed a second masters
degree, an M.S. in systems management
(Togistics option) in 1978, started while

a student at DSMC in 1974.

Since joining the DSMC faculty, Mr.

Fargher has managed the research for A
Guide for the Management of Joint Service
Programs for the Joint Logistics Commanders,
and a NATO RSI Acquisition Guide for the
O0ffice of the Secretary of Defense, as well
as developing courses and teaching in PMC,
SAFMC, and MPMC. He is also the Executive
Secretary of the Defense Acquisition
Research Element (DARE) for coordinating
acquisition research with DOD and FAI.

His current position is Professor of
Acquisition/Program Management, Research
Division, Department of Research and
Information, DSMC.

MR. ALFRED M. FEILER

As President of Log/An, Inc. since its
founding in 1965, Mr. Feiler has directed
the firm's operations, including develop-
ment of its proprietary computer-based
project risk management tools which have
received widespread acceptance in industry
and government. Such techniques are now
in worldwide use of projects totalling
over $35 billion in value.

Mr. Feiler's experiences have centered on
the systems approach to solution of
complex management problems in the fields
of research and development, engineering,
and construction.

Mr. Feiler recently retired from the
academic staff of the University of
California (Los Angeles), where, for 16
years, he directed research and develop-
ment in the management sciences for several
government agencies.

Prior to that, Mr. Feiler was Area Vice
President of Pneumodynamics (now Pneumo)
Corporation, and earlier was Division
Manager of Pneumodynamics' Advanced Systems
Development Division, E1 Sequndo, Cali-
fornia. During this time, he successfully
applied the systems approach to development
of a Tine of products for industrial and
military uses. Previously, he was Chief
of Advanced Systems Research, Aircraft
Division, Hughes Tool Company, where he

was primarily concerned with systems
analysis of logistics and transportation
problems.

Mr. Feiler has authored numerous reports
and papers on simulation, project risk
management, and systems analysis; and

has served on several government committees
and advisory boards in connection with his
specialty fields of interest. He is a
registered Professional Engineer in
California and New York. Mr. Feiler re-
ceived his B.S., and M.S. degrees in Civil
Engineering from Carnegie Tech in 1941 and
1942, respectively.

DR. PETER C. GARDINER

Dr. Peter C. Gardiner, newly appointed as
Associate Chairman of the General Systems
faculty, is an Associate Professor at the
University of Southern California's In-

stitute of Safety and Systems Management.

Prior to joining the USC faculty, Or.
Gardiner served as Systems Control Of-
ficer and Operations Project Officer for
the Defense Communication Agency, Euro-
pean Area, while serving in the Navy
from 1963-1969.

He is the author of numerous professional
publications in such subject areas as
systems dynamics modeling and simulation,
multi-attribute utility measurement, and
managing complex systems.

Dr. Gardiner, who was formerly a teaching
Fellow in the Industrial Engineering De-
partment at the University of Michigan,
belongs to the Society for Computer
Simulation, The World Futures Society,
the Society of Logistics Engineers and
the Institute of Management Sciences.

Since coming to the Universityt he has
also been continuously active in analy-
tical research problems, principally in
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his role as a research associate at USC's
Social Science Research Institute.

Dr. Gardiner was awarded his BS in Elec-
trical Engineering, MS in Systems Man-
agement and his Ph.D. in Urban Studies,
all from the University of Southern
California.

DR. GEORGE P. JONES

George P. Jones joined the University of
Southern California in 1970 as chairman of
the Systems Management Department at the
Institute of Safety & Systems Management.

At the Institute, Jones participated in
promoting and opening new study centers.
He was Principal Investigator on funded
research studies such as a "Risk Analysis
of Hazardous Materials Transportation"
study for DOT's Office of Hazardous
Materials (OHM). He also led a research
study for the development of a safety plan
for the Urban Mass Transportation Admini-
stration (UMTA). Jones has functioned as
Director of the Institute's Research
Center and Acting Executive Director of
ISSM's worldwide graduate level program.

In addition to his administrative duties
Jones holds a joint appointment as
Associate Professor in Systems Management
and Industrial and Systems Engineering
(ISE). He has consulted for organizations
such as R.A.N.D., application of management
science techniques, statistics and risk
analysis.

Formerly, Jones had a career ranging from
research and development engineering

through management of systems analysis

projects at North American Rockwell and other

industrial organizations. He served as
Chief Engineer and Director of Advanced
Systems during the inception of the FJ

series, RA-5, X-15, QV-10, B-1 Aircraft
and other missile and space systems.

Jones earned his Ph.D. degree in Industrial
and Systems Engineering, with concentration
in the management sciences, from Qhio State
University; a M.Sc. degree from the same
university in Mechanical Engineering,

with specialization in thermodynamics and
heat transfer, and a B.M.E. degree from

The Cooper Union College of Engineering in
New York City, his native town.

DR. CRAIG W. KIRKWOOD

Craig W. Kirkwood is a member of the de-
cision analysis group at woodward-C1¥de
Consultants, San Francisco, California

94111. He has extensive experience direc-
ting and participating in studies of risk
and uncertainties associated with the
acquisition of major systems. This
experience includes site selection for
electric power generation facilities and
nuclear waste repositories, analysis of
public risks associated with a proposed
liquefied natural gas terminal, evalu-
ation of proposals for solar photovol-
taic demonstration projects, and a variety
of other studies. He has utilized de-
cision analysis on these and other prob-
lems, and has published articles on both
theoretical and applied aspects of de-

“Cision analysis. He received S.B., S.M.,

E.E. and PH.D. degrees from the Mas-
sachusetts Institute of Technology.

MR. GERALD A. KLOPP

Served as a Production Engineer at the
Electronics Command, Ft. Monmouth, NJ;
an Operations Research Analyst at the
Comptroller's 0ffice, Ft. Ritchie,

MD; Operations Research Analyst, Sys-
tems and Cost Analyst Department, US
Army Logistics Management Center, FT
Lee, Va; and Operations Analyst in the
Technical Design and Validation Branch
of the Operations Analysis Directorate
of the US Army Logistics Center, FT
Lee, VA. Currently serving as the
Statistician at the Army Procurement
Research Office, Ft Lee, VA. Experi-
ence in Operations Research include

a Hybrid Computer Simulation of a large
scale production system; senior in-
structor and Course Director of the
ORSA Military Applications Course I;
publication of 7 articles on computer
modeling and simulation; and several
interactive computer programs for
statistical, economic, and Operations
Research applications. Education
includes a BS in Electrical Engineering
from Michigan State University (1972)
and ME in Industrial Engineering from
Texas A&M University. Production
System Analysis, and Systems Analysis
for the Florida Institute of Tech-
nology at Ft Lee, VA.

MR. GEORGE T. KRAEMER

Manager of Engineering Control and Risk
Analysis at Boeing Vertol Company
under the Director of Engineering
Operations. Graduated from the Uni-
versity of Pennsylvania with a degree
in mathematics (B.S. 1951) and in 1970,
received a Master of Business Admini-
stration (statistics) from Temple
University. Member of the American
Helicopter Society. Thirty years ex-



perience in engineering business management,
subcontract management, and master planning in
aircraft and electronic industries. Also have
written several papers.

DR. DAVID V. LAMM

Dr. David V. Lamm is currently an Assistant
Professor of Administrative Sciences at the
Naval Postgraduate School in Monterey, Calif-
ornia where he instructs military officers
and civilians in the fields of Acquisition,
project management, and contracting.

He holds a BA in History and Political Sci-
ence from the University of Minnesota, a MBA
in Procurement and Contracting from the George
Washington University, and a DBA in Procure-
ment and Production, and Science and Techno-
logy Management from The George Washington
University.

He is currently serving on active duty as a
Navy Commander. He has held various tours
both afloat and ashore in the Navy. Ac-
quisition and contracting tours include duty
at Headquarters, Defense Contract Adminis-
tration Services (DCAS) and Headquarters,
Naval Air Svstems Command where he served as
Assistant Director, Missile Weapon Systems
Purchase Division.

He is a member of the National Contract Man-
agement Association (NCMA) and is a Certi-
fied Professional Contracts Manager CPCM).
He has participated in the CPCM program
since 1975 as the first Chairman of the CPCM
Examination Board and currently as an exami-
nation grader. He has been a frequent
speaker and panelist at various meetings

and workshops. He was the First Place Win-
ner of the 1978 Blanche Witte Award and is
currently director of the Monterey Peninsula
NCMA Chapter.

DR. RICHARD LORETTE

Dr. Richard Lorette is a member and Fellow of
NCMA and editor of the National Contract
Management Journmal; he has held management
positions in the Air Force Systems Command
(Weapons Acquisition; B-52 SPO and C/KC-135
SPO) and Air Force Institute of Technology
prior to his retirement from the Air Force in
1973. Dr. Lorette has taught courses in Pro-
curement, Systems Management, and Program Mam
agement and published several articles in the
general area of Procurement and Systems Ac-
quisition. Recently, he completed a one-year
consulting assignment (from the University of
Southern California) to the Federal Acquisi-
tion Institute, studying major acquisition
issues and problems in the federal civil ag-
encies. He is a 1950 Graduate of West Point
has an MBA in Engineering Administration
(AFIT), a Doctorate in Business Administra-
tion from the Harvard University Graduate
School of Business Administration and is

currently Professor of Management Science in
the College of Business at Ball State Univer-
sity in Muncie, Indiana.

COLONEL MARTIN D. MARTIN

Colonel Martin currently serves as the Execu-
tive Director of the Air Force Business Re-
search Management Center, Headquarters USAF,
Wright-Patterson AFB, Ohio.

Colonel Martin holds a Bachelor of Science De-
gree in Industrial Education from the Louisi-
ana State University and both a Master of Busi-
ness Administration Degree and a Doctor of
Philosophy Degree in Financial Management,
Marketing, Systems Management, and Economics
from the University of Oklahoma.

He has extensive experience in the acquisition
and contracting areas as a manager. In the
contract administration area he has served as
both the Chief of Management Engineering and
the Assistant Chief, Office of Planning and
Management, of a major Defense Contract Admin-
istration Services Region and as the Chief of
a Defense Contract Administration Services Of-
fice. At major command level, USAF, duties
included the function of a procurement manage-
ment staff officer in the area of weapon sys-
tems acquisition and procurement pricing po-
licy. He also served as a Deputy Program Man-
ager. He has served as a Director of Manu-
facturing for a major Systems Program Office
and the Director of Contracting for Wright-
Patterson AFB. His Air Force functional ex-
perience has included duty as a procuring con-
tracting officer, administrative contracting
officer, and a price and cost analyst in the
contracting and acquisition operational area.

In the education, research, and consulting
areas, Colonel Martin served for four years as
Associate Professor of Logistics Management
and Department Chief, Functional Management
Department, Graduate Education Division, School
of Systems and Logistics, Air Force Institute
of Technology. He 1s at present an Adjunct
Associate Professor of Marketing, Wright State
University, Dayton, Ohio. He has also taught
and delivered lectures at Stanford University,
University of Southern California, University
of Oklahoma, Wittenberg, Sinclair Community
College, and the University of Dayton. He has
consulted and conducted seminars for indus-
trial, government, and military management in
the United States and the United Kingdom.

Colonel Martin is a member of Phi Kappa Phi,
national education honor society; Omicron Del-
ta Kappa, national scholarship honor society;
Beta Gamma Sigma, national business adminis-
tration honor society; and others. His pro-
fessional and business organizations include
the Project Management Institute, the Ameri-
can Finance Association, the National Contract
Management Association, and the Society of
T.ogistics Engineers.
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LT COL JACK L. McCHESNEY

Lt Col Jack L. McChesney is an Assistant Prof-
essor of Logistics Management in the Contract-
ing Management Department, School of Systems

and Logistics, Air Force Institute of Techno~
logy. He focuses his teaching in the specia-
lized areas of the Graduate Contracting Major.

Lt Col McChesney holds a Bachelor of Busilness
Administration Degree from North Texas State
University, A Master of Business Administra=-
tion Degree from the University of Texas at
Austin, and a Doctor of Business Administra-
tion Degree from George Washington University.
His Air Force experience includes assignments
as Base Procurement Officer at England AFB,
Louisiana, and Cannon AFB, New Mexico. In
that capacity, he made purchases and admin~
istered contracts for supplies, services and
construction. He served as a staff contract
administrator in the HQ Defense Contract Ad-
ministration Services at Cameron Station, Al-~
exandria, Virginia. While in DCAS, Lt Col
McChesney was responsible for developing, im-
plementing and monitoring policies and proce=
dures for contract administration on a DOD-
wide basis. His most recent assignment was
with the HQ Air Force Systems Command, And-
rews AFB, where he worked in the Directorate
of Procurement Data Systems, DCS/Procurement
and Manufacturing. During that tour of duty,
he participated in the development and im-
plementation of a command-wide acquisition
management information system. Lt Col Mc-
Chesney is a member of Beta Gamma Sigma, Phi
Kappa Phi, Phi Eta Sigma and Blue Key nation-
al honorary societies and a Fellow member of
the National Contract Management Association.

DR. GERALD R. McNICHOLS

Dr. McNichols is President and Technical Dir-

ector of Management Consulting & Research, Inc.

(MCR) a firm which specializes in resource
analysis studies including Life Cycle Cost,
Design-to-Cost, Uncertainty Analysis and Risk
Assessment, manpower, operatilons research, and
economic analyses. He is co-author of a text-
book, Operations Research in Decision Making
(1975), past editor of the Cost-Effectiveness

Newsletter, and past-president of the Washing-

ton Operations Research Council. For the past
17 years he has been developing and applying
resource analysis techniques in government
and industry. He was a Vice President of J.
Watson Noah Assoclates, Inc. (cost analysis
consultants) and a Vice President and Dir-
ector, Defense and Technology Programs Divi-
sion of GENTECH, Inc. (management and inform~
ation system consultants). During his nine
years of government service he worked for

the Deputy Assistant Secretary of Defense for
Resource Analysis, Deputy Assistant Secretary
of Defense for Strategic Programs (both under
the Assistant Secretary for Systems Analysis),
and in the Office of the Chief, Operations

Analysis, HQ USAF. While in DoD, Dr. Mc-
Nichols directed efforts to formulate fiscal
guidance for the annual service budgets, evalu~
ated forces and systems requirements as pro-
posed by the Military Services using cost-
effectiveness tools and models as an advisor
to the DSARC, and developed parametric cost
relationships and Life Cycle Costs as a mem-
ber of the Cost Analysis Improvement Group
(CAIG). He introduced cost uncertainty anal-
ysis to the DSARC Milestone Reviews in 197 2.
He is also Professor of Engineering at George
Washington University.

He holds a Doctor of Science degree in Eng-
ineering/Operations Research with a minor in
economics and has authored numberous articles/
research papers in the fields of resource
analysis and operations research.

DR. HERBERT MOSKOWITZ

Herbert Moskowitz, Ph.D. UCLA, is Professor

of Management at the Krannert Graduate School
of Management, Purdue University. His publi=-
cations include papers in such journals as
Management Science, Operations Research, Omega,
Academy of Management, IEEE Transactions on
Engineering Management, AIIE Transactions, De~
cision Sciences, and Organizational Behavior
and Human Performance. He is a vice~president
and a member of the Executive Board of AIDS
and a member of TIMS, and ORSA.

MR. MICHAEL D. RICH

Mr. rich is currently Director, Resource Man-
agement Program at the Rand Corporation in
Santa Monica, CA. He is also directing a study
of prospective Air Force participation in Mul-
tinational coproduction programs. Topics be-
ing studied include cost and schedule implica-
tions of varilous types of collahorative arrange-
ments, the prohlem of third-country sales, and
U.S. and European design practices, business
metnods, etc.

He participated in the 1979 Defense Science
Board Summer Study on Reducing the Unit Cost of
Equipment and contributed to the 1979 Defense
Resource Management Study. He is a member of
Phi Beta Kappa, where he studied law at the
University of California, Berkeley.

DR. ALAN J. ROWE

Dr. Rowe currently is a Professor of Management
and Policy Sciences in the School of Business
Administration at U.S.C. He was previously Dir-
ector of the Decision Systems Program, Associ-
ate Dean and Chairman of the Management Depart-
ment. He was responsible for programs in Den-
mark, Tehran and Singapore covering Management
Decision Making, Management Control Systems,
Management Information Systems Project Manage-
ment, and Acquisition Management.

Prior to joining the U.S.C. Faculty in 1965,
Dr. Rowe was the Director of Industrial
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Dynamics on the Corporate Staff of the Hughes
Aircraft Company. He is previously manager of
Management Controls on the Corporate Staff of
System Development Corporation, and Corporate
Consultant in Manufacturing and Computer
Systems at General Electric.

His academic Career has included teaching at
UCLA, Syracuse, Columbia and NYU in addition
to USC. He is active in professional socie-
ties and is listed in American Men of Science
and Who's Who in the World.

He received aannterdisciplinary Ph.D. in Eng-
ineering from UCLA and his BS and MS from Co-
lumbia University.

DR. HEROLD A. SHERMAN

Dr. Herold A. Sherman, Associate Professor of
Systems Management, served as Executive Dir-
ector of the University of Southern California
Institute of Safety and Systems Management
from 1968 to 1980.

Muring those 12 ycars the Institute grew from
a small division of USC's University College
to a major element of USC with over 60 centers
in the United States, the Pacific, the Far
East, and West Germany.

As Executive Director Dr. Sherman administer-
ed three USC degree Programs. The Institute
baccalaureate and master's degree programs in
Safety were among the first developed at major
universities. The innovative master's degree
program in Systems Management, with a cur-
rent international enrollment of over 2000,
has become a model for off-campus degree pro-
grams in the United States.

Dr. Sherman was also responsible for the over-
all administration of major research contracts
(funded at over $5,000,000) conducted by the
Institute for several federal agencies. The
Institute activities managed by Dr. Sherman
further included an extensive program of non-
degree extension courses in Safety.

Dr. Sherman formerly served as President of
the Flight Safety Foundation, an internatiomal
non-profit orgamization. During his term as
President he reorganized and revitalized the
Foundation's programs, bringing it into a
sound fiscal position. The Flight Safety
Foundation's membership now includes most of
the major air carriers of the world and the
majority of aerospace manufacturers.

Dr. Sherman, who has been published in the
field of aviation product liability, main-
tains a broad spectrum of professional acti-
vities. He is a member of numerous pro-
fessional societies, has testified before
Congress concerning aviation, and has been an
invited speaker at both foreign and domestic
universities and corporations. He is a for-
mer winner of the Air Force Association's
Outstanding Educator Award and the Strategic
Alr Command's Award for Outstanding Achieve-
ment in Aerospace Education. Dr. Sherman is a

member of the Transportation Research Board of

the National Research Council, National Academy

of Sciences.

Dr. Sherman was awarded his Doctorate in Busi-

ness Administration by the University of South-

ern California where he has been a faculty
member since 1965.

Primary areas of research interest include con-

tract management and procurement management.

MR. J. RANDOLPH SIMPSON
(Alternate for Dr. Varley)

Mr. Simpson is a Scientific Officer im the Op-
erations Research Branch of the Mathematic's
Division of the Office of Naval Research in
Arlington, Virginia. His background is heavy
in economics. He has worked for the U.S. Navy
since 1952 in Logistics Research, Naval Analy-
sis (anti~submarine warfare), and Decision
Science. His current research efforts include
Risk Analysis, Statistical Decision Theory,
Simulation, and Optimal Design of Information
Systems.

DR. JOHN STANHAGEN

Dr. John Stanhagen is currently the Director
of Product Support Advanced Development at the
Douglas Aircraft Company. He holds a Masters
Degree in Logistics Management from the Air
Force Institute of Technology and is a Doctor
of Business Administration and Industrial Man-
agement (University of Southern California).
Also, he has served as Chairman of the Systems
Management Department at the University of

Southern California. Dr. Stanhagen is a Fellow

of the Society of Logistics Engineers.
DR. ROBERT M. STARK

Robert M. Stark is Professor of Mathematical
Sciences and Civil Engineering and Chairman of
the Graduate Program in Operations Research

at the University of Delaware. His research,

teaching, and consulting for nearly two decades

has related to applied probability and optimi-
zation in the planning, design, and operation
of civil engineering related projects.

DR. CHARLES W. N. THOMPSON

Dr. Charles W. N. Thompson is presently a Pro-
fessor of Industrial Engineering and Manage-
ment Sciences, The Technological Institute,
Northwestern University. He received his BS
from Kutztown State College, an LL.B, Harvard
Law School, an MBA, Ohio State University aund
a Ph.D. Northwestern University.

He has had 14 years teaching at Northwestern
University, 6 years at Admiral Corporation,
Chicago, and 6 years at Wright-Patterson AFB.

He was Chief, Electronic Reconnaissance Sec-

tion, Aerial Reconnaissance Laboratory at WPAFB,

responsible for design and management,
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including the first two major systems design-
ed and procured as complete airborme reconnai-
ssance systems with ground support components.
Developed a systems procurement of a major com-
puter based data handling system.

At Admiral Corporation, he was Director of Eng-
ineering Services, which included systems and
advanced engineering. Responsible for and
participated in design and management of maj-
or en route air traffic control bright dis-
play system, and in systems design over a
variety of battlefield sensor and communi-
cation equioments.

Various information and decision system de-
signs and resigns, including two political
caucus decision processes, and a quasi-ju-
dicial university hearing and appeals svstem

DR. THOMAS C. VARLEY

Dr. Varley has been Director of the Opera-
tions Research Program, Office of Naval Re-
search, Arlington, Virginia, since 1970. He
is a Doctor of Business anc Economic Statis-
tics from George Washington University, Wash-
ington, D.C. As a member of the Operations
Research Society of Anerica he has held many
positions, including chairman in 1976 and
1977. Dr. Varley has also functioned as
chairmax for the Institute of Management
Sciences College on Logistics (1975-1980) and
the DoD Ninth Annual Acquisition Symposium
(1979). He is currently a member of the
Board of Editors for tie Naval Logistics
Research Quarterly.

MR. JAMES WILDER

Mr. Wilder is Manager of the Econometrics
Section in the Operations Anzlysis Depart-
ment of Grumman Aerospace Corp. This sec-
ticn engages in the parametric costing of
advarced aerospace systems, and other
economic analyses. He has been involved
in the development of various methodologies,
particularly project evaluation and cost
risk. He earned his undergraduate degree
in Mcchanical Engineering from Cornell,
and he holds master: dugrees in Manage-
ment Engineering from Long Island Univ-
ersity, and in Applied Mathematics from
SUNY, Stony Brook.

DR. GEORGE H. WORM

Dr. George H. Worm is currently Associate
Professor of Industrial Management at Clem-
son University. He has a Ph.D. in Manage-
ment Science from the University of Tenn-
essee, and M.S. in Mathematics from Florida
State University and a B.S. in Mathematics
from Louisiana Tech. He has researched and
published in Mathematics, Statistics and
Management Science. His consulting ex-
perience includes AFSC, Emory Medical
School, Corp. of Engineers, NASA and others.

He is a member of Sigma XI, ORSA/TIMS and
Beta Gamma Sigma.

MR. ROBERT BLACK

Mr., Black is a Senior Analyst in the Econo-
metrics Section of the Operations Analysis
Department, Grumman Aerospace Corp. He has
been actively involved in methodology develop-
ment, as well as performing analytical and
statistical Industrial Engineering studies.
His undergraduate degree is B.S. in Physics
from Hofstra University, and he holds masters
degrees in Mathematics from Adelphi, and
Operations Research from Polytechnic Institute
of Brooklyn.

DR. JOHN R. ADAMS

Dr. John R. Adams holds the Ph.D. in Business
Administration from Syracuse University, and
is currently an Associate Professor or Organi-
zation and Management at Western Carolina Uni-
versity, North Carolina. He is also the Dir-
ector for Educational Services of the Project
Management Institute. Dr. Adams has publishal
a number of articles on various aspects of
project management, risk and uncertainty anal
yses, weapon systems acquisition, and logis-
tics management in nationally distributed
journals, and is a frequent speaker at nation-
al professional and at Department of Defense
symposia. His experience include management
of major weapon systems acquisition programs
and supervision of a major Air Force research
laboratory.
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Abeyta, Richard
Army Logistics Management Center
Fort Lee, VA
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Western Carolina University
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San Jose State University
San Jose, CA

Cozzolino, John M.
University of Pennsylvania
Philadelphis, PA

DeMong, Richard F.

Air Force Business Research
Management Center
Wright-Patterson AFB, OH
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Wright State University
Dayton, OH
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Lockheed Missiles and Space Corp.
Sunnyvale, CA
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McDonnell-Douglas
Long Beach, CA
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Cornell University
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Drake, James F.
Hughes Aircraft Company
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Edwards, Ward ) ]
University of Southern California
Los Angeles, CA

E1 Shaieb, Abdul
San Jose State University
San Jose, CA

Fargher, John
Defense Systems Management College
Fort Belvoir, VA

Feiler, Fred
LOG/AN, Inc.
Los Angeles, CA

Fraker, John
University of Dayton
Dayton, OH

Golden, Robert F.

Air Force Business Researcth
Management Center
Wright-Patterson AFB, OH

Goodman, Dick

University of California at Los Angeles
Los Angeles, CA

Ireland, Lewis R.

SWL, Inc.
McLean, VA
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Jones, George
University of Southern California
Los Angeles, CA

Keller, A.Z.
University of Bradford
Bradford, West Yorkshire

Kennedy, John J.
University of Notre Dame
Notre Dame, IN

Kirkwood, Craig W.
Woodward-Clyde Consultants
San Francisco, CA

Klopp, Jerry A.
Army Procurement Research Office
Fort Lee, VA

Kraemer, George
Boeing Vertol Company
Philadelphia, PA

Kratochvil, Frank
Grumman Aerospace Corporation
Bethpage, NY

Lamm, Dave
Naval Postgraduate School
Monterey, CA

Larew, Richard
Ohio State University
Columbus, OH

Launer, Robert L.
Army Research Office
Durham, NC

Lorette, Richard
Ball State University
Muncie, IN

Martin, Martin D.

Air Force Business Research
Management Center
Wright-Patterson AFB, OH

Maust, Gregory
Doty Associates, Inc.
Rockville, MD

. McChesney, Jack L.

Air Force Institute of Technology
Wright-Patterson AFB, OH

McLaughlin, Linda

Air Force Business Research
Management Center
Wright-Patterson AFB, OH

McNichols, Gerald

Management Consultants and Research, Inc.

Falls Church, VA
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Moolin, Frank
Alaska International Industries
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Purdue University
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Rich, Michael
The RAND Corporation
Santa Monica, CA

Rippy, Doug
University of Dayton
Dayton, OH

Rowe, Alan J.
University of Southern California
Los Angeles, CA
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University of Southern California
Los Angeles, CA

Sherman, Stanley
The George Washington University
Washington, DC

Simpson, Randy
Office of Naval Research
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Solem, Robert J.
Motorola, Inc.
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Somers, Ivan A.
Hughes Aircraft Company
Los Angeles, CA

Stanhagen, John
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Long Beach, CA
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University of Delaware
Newark, OE

Tankersley, Michael C.

Air Force Business Research
Management Center
Wright-Patterson AFB. COH

Terry, Robert
University of Utah
Salt Lake City, UT
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Applied Science and Technology Associates,

Inc.
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MANAGING RISKS AND UNCERTAINTY:
LOOKING TO THE FUTURE
General William Thurman, Commandant

DSMC Fort.Belvoir, VA 22060

I appreciate the opportunity to address this
august, multidisciplinary group. And I look
forward with great anticipation to the end
products of this conference as they may af-
fect and assist us in our complicated world
of rroject management. (See page 13

Highly developed, modern, and technologically
based societies look to the future. Likewise,
change, progress, and planning are integral
parts of our defense structure, and are cru-
cial tn our management processes. We in
government often emphasize a future that will
be characterized by complex weapons systems.
These systems will create management problems
and onportunities that far surpass our cur-
rent contemporary management theory and

practice. (See page 13)

Forral recognition and emphasis on risk and
uncertainty analysis in DOD resulted from a
31 Jul 69 memorandum from David Packard, DEP
SEC DEF to the MIL DEPs identifying problem
areas in the weapon system acquisition pro-
cess. In this memo, Secretary Packard cited
inadequate identification and consideration
of risks in major programs as a problem area
requiring action and that risk analysis be
applied by program managers in their daily
actfvities. This growing recognition of the
need for risk and uncertainty analysis over
the past decade has been attended by the need’
for philosophical foundations. This need has
been manifest in many ways. Numerous R&D or-
ganizations have reorganized in attempts to
preduce more efficient systems of greater com-
plexity. Many universities have revised theit
proprems to provide multidisciplinary educa-
tional opportunities for personnel with train-
inp in engineering and science, as well as

from the more traditional academic back-

grounds. The past decade has also witnessed

an explosion of books and technical papers ]
on risk and uncertainty analysis. The PM has '
recognized the benefits of this analysis and )
the required resultant management of these

risks. It is well known that the PM's task

is the management of the project's risk and
uncertainties. It is evident that this de-

cade will require the DOD to come to terms

with an imposing array of problems: afford-
ability of complex weapons systems, suffi-

cient manpower to operate and maintain this
equipment, and the ever increasing threat

posed by the Warsaw Pact as it affects the

world balance of power. Tremendous risks

and ottendant uncertainties must be taken if

we are to progress. Technology must be chal-
lenged in many areas if we are to overcome

the nurerical superiority of the Warsaw Pact.

12

The common element to many complex programs

is uncertain technology. Whether we talk
about new construction methods, electronic de-
vices, aircraft, or tanks, there are numerous
uncertainties that derive from inadequate
knowledge of the basic technology or its
specific implementation. These problems have
no clear cut solutions. Largely because of
the number of organizations involved, as well
as the uncertainties and risks, the problems
and processes involved can be typified as
lacking of boundary conditions; solutions

must be derived on the spot, not simply from
scientific and engineering principles; and
implementation is going to involve ccllabora-
tive and integrated activities that criss-
cross organizational and national boundaries.
As has been evident in the private sector,

it would appear that an increasing number of
defense ventures, because of their size, capi-
tal requirements, and technological uncertain-
ty, will require collaborative '"federations"
as well. When the countries within NATO re-
cently sought to exploit new technologies for
early warning of an attack by Warsaw Pact
forces, the sovereign countries joined forces
to coproduce 18 NATO Airborne Early Warning
Systems. {See page 13)

Traditionally, ours is an optimistic society.
American technological pragmatism is un-
challenged. Confidence in the expertness with
which we can move from research through de-
velopment to production, even when the un-
certainties and risks are staggering, has re-
sulted in a growing demand for engineering-
management "know how" being applied to solve
any problem. The transferability of techno-
logy and our omnipotence to solve any problem
need to be tempered. There is an impressive
and growing list of failures in large-scale
advanced-technology programs. Many of these
fatlures involve military programs, but there
have also been numerous failures in non-mili-
tary projects. We know less than we think we
do about the management process by which new
technology is converted into operating systems.
(See page 14)

A major paradox within defense is that effect-

. iveness in development programs has been shown

to require a high order of responsible auto-
nomy and the opportunity to innovate and even
change plans. These complex projects with
very demanding performance requirements and
cost and schedule constraints also require
precise integration and coordination. While

. parts of a total system (i.e. engine, air-

frame, armaments and their sub-~assemblies) are
designed and fabricated at distant places by
separate industrial firms, they must interface
perfectly not only in form, fit and function
but within schedule & budgetry constraints.
(See page 14)

Even planning is a rather different function
in developmental systems where risk and un-

v
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certainty predominate. Traditionally, mana-
gers are taught to identify their ultimate
need, to set objectives that will help them
obtain the required operational capability,
and then develop their acquisition strategy
and plans. Unfortunately, this logical se-
quence is inverted in the real world. g

Planning for uncertainty and risk assessment
turhs out to be a dynamic, iterative process.

In traditional management theory, managers
are expected to collect and weigh facts and
probabilities, make an optimal decision and
see that it is carried out. In developmental -
projects, a clear sequence is not possible be-
cause of the extended duration, the many tech-
nical unknowns, the continual discovery of new
"facts" and the changing constraints and pres-
sures. The process must be designed that al-
lows recommitment, reassessment and redirec-
tion without allowing never-ending improve-
ment and excuses for missing budgets and
schedules.

In the area of contracting, traditiomal con-
tract monitoring is perceived as a legal and
accounting problem. The whole concept of res-
ponsibility changes, however, when the designs
keep evolving, risks are undefined and sub-
stantial uncertainty is involved. There be-
comes no clear-cut division between the plan- i
ners, the doers and the monitors. The custo- ;
mer, DOD, must be able to speak and under-
stand the language of the contractor's ex-
perts, to know as much about the problems and
risk as the contractors, to check and supple--
ment the work of the government laboratories
and contractors, and to step in when required
with the necessary specialists to help solve
the problem.

Modern development programs have life hist-
ories filled with unanticipated crises, un-
predicted barriers, and impediments. What
appears to be a reasonable design, given prior
knowledge and experience, turns out to have a
neglected small, c¢rucial factor, and some sub-
part—--say a new valve, fails to work properly.
This in turn means that the subsystem may have
to be redesigned to "work around" the problem,
which in turn affects other subsystems and ul-
timately the system. A small technical pro- !
blem thus pyramids within an interdependent,
inteprated system.

Obsolescence is a continuing threat. The
mission requirements accepted when the concept
was chosen may be obsolete by the time the
program is nearing the production decision.
Newer technologies or new data may make the
chosen alternative wasteful, or unable to meet
the new threat.

Recognizing this obsolescence factor, partici-
pants in a project may develop changes to in-.

t
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corporate the most up-to-date technology.
There is a tendency for schedule slippages to
be compounded as professionals in the program
seek to improve the design--this further de-
lays the project, increasing costs, & compli-
cating development process.

By definition, complex programs are mission-
oriented and require an interdisciplinary cf-
fort. Most professionals, however, have been

" trained and are experienced in the context of

specialization, and they expect to pursue
careers in that specialty. The welding and
interweaving of professionals, and the pro-
fessional knowledge required for risk assess-
ment and planning for uncertainty, challenges
the professional and manager alike. They must
find ways to redirect the areas of interest
into risk and uncertainty fields, while pro-
viding for maintenance of the ties to the

| professional's field of expertise.

The DOD Acquisition Process is in actuality a

' phased project planning system. During the
early stages, simultaneous parallel efforts
are encouraged. This technique is adopted to
reduce the risk from uncertain technology de-

. velopment and to determine objectives and
their feasibility, as well as the potential
cost, scheduling, performance & management di-
mensions of the program. If these exploratory
studies are not made, a contractor may be en-
gaged to start costly development work on a

" project where the risks remain unknowns. Ex-
penses mount up rapidly in such cases. For
these reasons, the management system adopted
provides for a series of go-no go decision
points. Management can halt the program at
three points during the process even after ap-

. proving the MENS. 1In reality, there are no

' automatic route markers, each program actually
uses a "tailored" approach. (See page 16)

Developing parallel efforts, as described in
OMB Circular A-109, stems from the need to ex-
plore competing concepts and approaches to op-
timize life-cycle cost, schedule & performance,
taking into account known risks and the possi-
bilities for uncertainties. Competition is
induced to take advantage of the technical and
cost motivation to the contractors created in
. this environment, and to prevent an advocacy
for a technology which may yet be proven. Fol-
" lowed literally, these parallel efforts would

* be developed at each phase of the acquisition

cycle, to the extent that substantial risks

: and uncertainty exist, and that it is economi-
- cally feasible.

« Now let us turn to the specific areas of risk

and uncertainty analysis. DSMC has developed

~ a taxonomy for the area of operations research
/systems analysis. Under decision analysis,
we find the area of risk analysis which also

: includes uncertainty analysis. Our defini-

" tion for decision analysis, decision risk

¥ Inseért V7, V 8 heFé™ -
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analysis, sensitivity analysis, and uncertain—
ty analysis are devined as shown here. These
analyses techniques are employed to discrimi-
nate between parameters or a range of para-
meters which would cause an alternate strategy
to be selected. The purpose for the use of
these techniques is to improve the decision-
maker's decision by providing a structure for
the analysis and quantifying the differences
between parameters, to provide insight and
understanding into the decision, and hopefully
to involve the decisionmaker in the analysis,
even if only on a "what if" basis.

(see page 18)

Risk has two sides, the probability of failure
and the consequence of failure. Uncertainty
also has similar considerations in determining
the probabilities associated with potential
outcomes and also the consequence of these
outcomes. The point I want to make is that
alrhough not all management understands the
various risk and uncertainty techniques, the
consequences stated in terms of performance
degradation, cost increases and schedule slip-
pages are well understood. A method utilized
at DSMC to evaluate risk, uncertainty and
their consequences is a powerful technique
using utility theory. Decision trees are used
to map out all possible relevant decisions and
events to define program alternatives.

(See page 19)

In any analyses, as the risks and uncertain-
ties are identified, alternate approaches must
be developed and the cost, schedule and per-
formance impacts considered. Contingencies
must then be built into the acquisition stra-
tegv to cover the anticipated cost escalation,
correct possible performance shortcomings, and
provide adequate time in the schedule to re-
cover. (See page 19)

The Reagan transition team has emphasized the
shortcoming of the weapons research and devel-
onment cycle. The Reagan initiatives can be
expected to have a tremendous impact on risk
and uncertainty analyses. The results are
likely to be:

-Less time and raw data available with
which to analyze risk and uncertainty.

-('reater use of concurrency and acceptance
of increased risks and uncertainty at the
DSARC decision points.

-Shortened formal testing periods and re-
duced test data.

~Greater emphasis on off-the-shelf techno-
logy and commercial products adapted for
military use as well as Pre-Planned Pro-
duct Improvements (P3I) after fielding
systems.

-Increased usc of "tailored” acquisition
approaches to include a maturation phase
as opposed to a Full-Scale Enginecering
Development (FSED) phase.

-Creater dependence on the PMO's ability to
perform data analysis and their own inde-

pendent risk and uncertainty analysis as
well as increased responsibility and auth-
ority to deal with the anticipated prob-
lems.

The above impacts will require a greater em-
phasis in the program office to identify sche~-
dule risks and uncertainty earlier in the R&D
cycle in order to institute specific actions
to deal with the time~sensitive factors.

Early data analysis will, of necessity, be in-
vestigative and actively incisive with the
emphasis on the discovery of the unexpected.

Looking at the Acquisition Life Cycle, the
program initiation decision or approval of the
MENS validates that a need exists and approval
1s given to identify and explore alternate sol-
utions to the mission need. During the en-
suing conceptual phase, the PM is responsible
for developing his acquisition strategy to
provide the basis for selection of one or more
systems for further development to satisfy the
mission need. This acquisition strategy in-
tegrates technical, business, and management
program elements. The major risk and uncert-
ainty analyses areas include the following

PM responsibilities:

-Continuing analysis of assigned mission
responsibilities in mission areas.

-Managing exploration, identifying and
developing of alternative system concepts,
to meet mission element tasks.

-assessing program risk areas and conduct-
ing trade-offs in performance, cost and
schedule, to achieve best balance for
alternatives.

-Considering alternative maintenance con-
cepts to identify impact on system design
and resources.

-Preparing Technology Assessment Annex (TAA)
to ldentify arcas of technology risk re-
malning in the program.

-Including productibility considerations in
the evaluation of alternative design con-
cepts to determine production risks, and
the actions necessary to eliminate those
risks.

-Developing program management constraints
for selected program factors of each al-
ternative.

-Developing resource projections, in terms
of program objectives and constraints.

(See page 20)
Because of the lact of hard data and uncertain-
ty in the technical approaches, this phase is
the most unstructured, from a risk & uncertain-
ty analysis standpoint. Very few models have
been developed that handle these analyses well.
Risk and uncertainty analyses at this point,
however, are also the most important because
80% of the Life Cycle Costs are sunk in con-
crete in this phase. After developing and
testing "breadboard," or experimental proto-
types to prove out the technology to reduce the
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risk of proceeding, a DSARC I is normally held
on major systems where alternate system design
concepts are approved for development. The
purpose of the next phase, Dem-Val, is to de-
velop the alternative systems designs and est-
ablish relationships between need, urgency,

and risk and to make practical trade-offs in
system capability, cost and schedule. Advanced
development prototypes are normally the vehi-
cle for conducting demonstrations of viable al-
ternative systems and critical subsystems in a
realistic environment. The acquisition stra-
tegy is expanded and refined by the PM. The
major risk and uncertainty analyses areas in
the Nem-Val phase include the following PM re-
sponsibilities:

~Peveloping DTC and LCC goals.

-Completing the Demonstration/Validation
Testing and Evaluations, as specified in
DCP.

-Continuing mission analyses.

-Conducting System Requirements Review (SRR)
and System Design Reviews (SDR).

~Preparing TAA identifying areas of techno-
logy risk remaining in the program.

(See page 22)
After developing and testing the AD prototypes,
a DSANC II is held to approve the system or
systems for FSED, including procurement of
loner-lead production items and limited pro-
duction of systems for test and evaluation.
The risks of procuring long-lead are evaluated
at DSARC II, or a DSARC II is held to weigh the
risk factors. The purpose of the last develop-
meat nhase, FSED, is to develop, test, and
evaluate the total system of all items necess-
ary for support, to include training. Pro-
duction prototypes are used for operational
test and evaluation. The acquisition strategy
is further expanded and refined for production
of the weapons system, logistics support and
deplovment. The major risk and uncertainty
anolyces areas 'include the following PM res-
ponsibilities:

~Conducting Production Readiness Review.
-Continuing mission analyses.

-Neveloping funding requirements to support
production schedules.

-Netermining optimal production schedules
and rates.

A DSARC III is held at the end of the FSED
phase for a production-deployment decision to
ascertain that the mission element task is
still valid, determine that the engineering is
complete, commit resources to product and de-
plov the system, and evaluate readiness to pro-
duct the system. Various production alterna-
tives to include co-~production, leader-follow-
er, & second-sourcing must be evaluated for
the DSARC III.

Lessons learned in the acquisition process are

that the concept phase is the critical phase
for risk and uncertainty analysis; and that an
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innovative, tailored approach is.required for
every program. Although important at every
phase and decision point, the analyses at the
concept phase establishes the basis for the
rest of the program by developing system speci-
fications and technology base. Cost models and
estimates, threat models and analyses, ncw
technology and system application, and concept
and trade-off studies with configuration defi-
nitions are initiated during this phase to be
built upon in subsequent phases.

It is important to mention here the four meth-
ods that the PM uses to reduce risk and uncert-
ainty, to be used separately or in combination:

-Test and Evaluation.

~-Prototypes and Demonstrations.

-Studies and anlyses.

-Developing new ideas and concepts.

(See page 23)

The PM's choice is governed by the stage of the
acquisition program, nature of the risk or un-
certainty, and the time and money available.

In speaking to your first conference on Manag-
ing Uncertainty in Major Acquisition Activities,
my predeccessor at DSMC, Admiral Freeman, off-
ered some challenges to the participants.

There were:

-To set solid baselines and goals for the
program, or the product will not meet the
program objectives.

-To estimate financial needs as accurately
as possible.

-To anticipate the environmental catastrophe,
and be prepared to deal with it.

( See page 23)
Hore for the best and expect the worst. To
these challenges I would like to add some of my
own. First, specific techniques are needed to
address the front end of the acquisition where
data is lacking and suspect. More needs to be
done on managing uncertainty based on the data
developed for similar systems. In analyzing
the critical elements in the acquisition pro-
cess, DSMC has constructed a matrix that is
the combination of the experts' thoughts on
which factors are cost drivers. Of signifi-
cance is the high preponderance of high-cost
drivers. These factors in acquisition are then
matched against the data bases available to
measure them early in the acquisition process.
The result is that the high-cost drivers have
poor data bases as shown in oraamge. These high-
cost drivers require specific tailored ap-
proaches for risk and uncertainty analysis be-
cause of the poor and sometimes suspect data
base. (See page 23)

In dealing with change, the heart of the matter
in btoth intervention and decision-making is
quickness of response, the focusing collective
energies toward the solution of a critical pro-
blem. The second challenge is not only to look
at models and their interaction with the data
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for "out of tolerance" conditions, but to look
at trends in the data to anticipate "out of
tolerance" conditions in the future. Well-pub-
licized computerized schedule control techni-
ques, such as PERT networks, are often well be-
hind the action. Anticipating trouble requires
very close contact. Another penalty for wait-
ing is that in a good many situations correct-
ive action is possible only during a brief
“window." CS? only shows cost imbalances after
they happen. New applications of existing
technigues or new techniques are required to
show trends in risk and probabilities of un-
certain outcomes. The second challenge is to
develop models that track trends in the basic
given parameters of the program, including
major objectives, basic resources, and some of
the basic restraints so that "surprises' based
upon changes in the requirements and rules or
"discoveries" of changed parameters are identi-
fied by the trend lines. These change require
prozram changes all the way down the line in-
cluding replanning, renegotiation, and re-
analvseis of many program decision, and the
acquisition strategy. (See page 25)

The 2nalysts employed within any program to
accomplish the risk and uncertainty assessments
are normally also required to accomplish at
least some of the meticulous planning and lay-
ing out of schedules, costs and performance
criteria. There is sometimes a mistaken belief
that a program is nothing more than the sum
totzl of a number of these relatively routine,
production-like functions. Program managers
may soothe their own doubts, or those of their
sponsors, by giving the impression that the
knowns far outweigh the unknowns. TIf the true
scope of the problems, and the attendant costs
were known, as Hirschman argues, the endeavor
might never be started.

There is a sharp contrast between the precision
of specifications and accounting in today's
and tomorrow's high-technology programs and
the risk management process associated with
their effective pursuit. This risk management
is characterized by a highly fluid, iterative
and imprecise series of activities that re-
quire a high degree of personal interaction
between the analyst and the technical experts,
engineers and scientists, consultants, service
staff, contractor personnel, and other pro-
fessionals.

My third and last challenge is to improve com-
munications to both the professional and the
analyst's program manager. To do this, the
analyst must use the language everyone in his
program understands: performance, cost &
schedule. Analysts, like other professionals
caught up in the stringent demands of advanced
technology, must not only be willing and able
to communicate with other professionals, but
they must learn related parts of other fields.
Analysts must know a good deal of engineering,
contract management, quality assurance, pro-

duction control, logistics, hasis for testing,
elements of program management, etc. Risk and
uncertainty analysis is a complicated process
of continuous interaction to keep the program
within its constraints of time, money, and per-
formance. It requires skills in differentia-
tion, the evolution of change, and the explora-
tion of various alternatives. It also requires
integration, and collaboration among the speci-
alist-designed subsystems. Both integration
and differentiation must take place at the same
time and take the other into account. Changes
in subsystem components must be made in light
of the interaction between subsystems.

A lot of work remains in the areas of manage-
ment of risk assessment and uncertainty fore-
casting. The tools and techniques, however,
cannot take the place of the analyst and mana-
ger who is emotionally capable of managing un-
certainty in an uncertain environment; who
thinks logically and in terms of alternatives,
identification of problems and back-up stra-
tegies; and lastly, who has the capability risk
making decisions with only limited or, some-
times, suspect data.

Thank you.

(See Page 25)
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METHODS TO EVALUATE,
MEASURE § PREDICT COST OVERRUNS

A. J. Rowe
Univ. of So. Calif.

I. A. Somers
Hughes Aircraft Co.

INTRPODICTION

Numerous instances have been documented of maj-
or acquisitions - both military and eivilian -
where cost far exceeded the original estimates.
With increasing levels of system complexities,
limited resources, concurrent development and
production, constant changes in scope, conti-
nuous advance in technology and urgency in
achieving operational status, the probability
of cost growth is becoming a critical aspect
of the acquisition process. Even where tech-
noloey is considered current state-of-the-art,
procrams are not immune to cost growth.

Considerable effort has been expended in at-
tempting to find an answer to why most acquisi-
tions have cost overruns and how to control
their occurrence. The research reported here
builds on prior work in the field and provides
an approach for dealing with the uncertainty
involved in the acquisition process. The con-
tributions made by E.B. Cochran to the study of
disruption have provided the foundation for
much of the material covered in this report.

ACQUISITION UNCERTAINTY

What is now recognized is that variability or
i uncertainty is an inherent aspect of the ac-
quisition of major programs. The choice is not
whether to incorporate uncertainty as an inte-
gral part of the acquisition process, but,
rather to recognize that "as contracted costs,"
which are in effect single point estimates can
no longer be used as the basis for controlling
cost growth.

The objective of this research has been to de-
velop an approach for predicting cost uncer-
tainty, which recognizes that variability can-
not be eliminated but rather that there are
trade-offs that are available to decision mak-
ers. The tradeoffs are predicated on formu-
lating cause and effect models which provide
insight needed to improve the acquisition de-
cision process. Thus, inherent in the approach
presented here is system dynamics, interdepend-
encies, variability, and uncertainty in the
acquisition process. In additionm, the pro-
cesses used to achieve desired objectives are
also described. For example, concurrency,
learning, change, technological advance, pro-
gram aanagement, etc., all are part of the
acquisition process and contribute to the
effects observed.

THE ACQUISITION PROCESS

Any description of the acquisition process is,
at best, only a static representation of an ex-
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tremely complex set of interdependent activi-
ties. For our purpose, we will use two basic
diagrams to aid in understanding the process.
The first, shown in Figure 1 describes the
kinds of uncertainty associated with acquis
tions. (see next page)

The matrix shown in figure 1 attempts to de-
velop a basis for understanding causality.
Thus, internal control assumes all things are
known and controllable with estimates based on
past data, procedures, designs, suppliers, etc.
The other three categories, however, represent
the reality in major acquisition, even though
management does not have complete control or
ability to predict outcomes. It is this realm
of uncertainty that has significant impact on
cost and is the principal emphasis of this re-
port. The categories shown in Figure 1 cor-
respond to ones developed by the USAF Academy
Risk Analysis Studv Team (129). These are
shown on the next page.

The description of the USAF categories is as
follows:

Internal Program Uncertaintv: Deals with the

way in which the program is organized, planned
and managed. Uncertainty of the initial esti- -
mate and its impact on program management. Un-
certainty in the acquisition strategy and out-
come. Uncertainty in resources needed, flexi-
bility, or lack of contingency plans. Compet-
ing demands, including conflict between relia-

‘bility, vulnerability and maintainability with

performance and operating costs.

Technical Uncertainty: Covers the feasibility

of developing the system at all, including the
degree of technical difficulty. Generally
starts with an optimistic estimate of the state
of-the~art and often leads to a slippery tech-
nical baseline.

Process Uncertainty: Deals with the sensitivi-

ty to changes in the external environment such
as changes in priorities or policies, the Presi-
dent's budget, congressional political consider-
ations, etc. Unavailability of funding/re-
sources when needed. Uncertainty in criteria
used for changes, control, surveillance, DSARC
decisions, etc. Effects of inflation and
government regulation.

Target Uncertainty: Covers the uncertainty in

meeting performance, cost or schedule goals and
determination of needs. Uncertainty in trans-
lating abstract needs into concrete specifica-
tions. Problems of early estimates which are
seldom revised. (shown on page 29)

A comparison of the categories shows that there
is considerable similarity between the two.

The second approach to understanding problems
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in the acquisition process and the inherent
cost overruns is represented by the diagram
shown in Figure 2. 1Illustrated are the factors
the interdependencies, and the processes in-
volved in acquisition management. As describ~
ed in the USAF report, the acquisition process
is a tremendously complex, turbulent network

of activities for which a static model is un-~
satisfactory.

Although Figure 2 does not reflect the dynamics
and interactions that occur in an on-going or-
ganization, it illustrates a number of key
concepts that will be developed in the report.
The linkages between the four basic uncertain-
ty variables and acquisition management help

to define the processes, activities or vari-
ables that contribute to the uncertainty of
acquisition management. The four basic uncert-
ainty variables considered are:

1. Organizational Slack: A measure of the
organization's ability to perform the
task requirements.

2. Customer Urgency: The time compression,
concurrency, or degree of overlap between
phase of development, and change in
scope.

3. Technological Uncertainty: A measure of
the state-of~the~art and the degree of
interdependency among system components.

4. Environmental Uncertainty: The factors
that cause disruption, delays, shortages,
failures, etc. that are not under the
control of management in the acquisition
process.

The exterior linkages identify secondary ef-
fects, and relate the four uncertainty varia-
bles to one another. Considering the whole
diagram, one can sec¢ that the variables and
linkages define a network of interdependencies
which ultimately contribute to the uncertainty
and the consequent problems in the acquisition
process.

DEFINING THE PROBLEM OF COST OVERRUNS

In its report to congress, the Government Ac~
counting Office (GAO) (73) claims that major
weapons' cost growth since World War II far ex-
ceeds the rate of inflation and that various
efforts to restrain costs seem unlikely to
achieve really substantial cost reductions.
This statement by the GAO goes counter to the
general belief that has been held which con-~
tends that closer scrutiny of the acquisition
process, such as tighter control and stricter
acquisition policies on the part of the govern-
ment, will significantly reduce the levels of
cost growth. However, control alone will not
solve the problem since the cost of additional
controls can be considered part of a cost
growth - adding to the problem rather than the
solution. Figure 3a illustrates the effects

of various degrees of control on total cost.
Also shown is the net benefit of control (value
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less cost) as a function of degree of control.

This curve leads to an optimal value from which

a change in control (increase or decrease) de- -
creases the net benefit. (See page 29) -

Figure 3b illustrates a simular approach using

degree of planning as a function of cost of

planning and cost of errors (lack of complete

planning. 1In the case of figure 3b, the total &
cost curve (cost of planning plus the cost of .
errors) will have some optimal value from which

a change in degree of planning will increase

the total cost.

An alternative to the use of control as the
sole means for reducing cost is an approach
based on predicting the likelihood of disrup-
tions occurring during performance of a con-
tract and thereby permit cost reductions. Thus,
based on a relationship between cost growth

and likelihood of disruption, the control of
cost can be improved. Knowing when and where
disruptions might occur (with a defined degree
of probability), the acquisition manager can
develop a basis to reduce the likelihood of dis-
ruption and thereby lower the level of cost
growth. In addition, other approaches can be
applied in advance of a probably disruption
which will also lower the impact on cost growth
due to the effects of disruptions.

"Disrupt'" means to cause disorder or turmoil.

In our context, the term disruption refers to
the disorder and turmoil created in a program
plan and in related production procedures,

which normally are used to minimize costs.
Hence, "'disruption cost" is the difference be-
tween the actual cost for a program on the one
hand, and the cost 'reasonably required" to per-
form the task in the configuration finally de-
livered, on the other. The "should-cost-as-
build" estimate includes the estimated cost of
all changes incorporated in the final deliver-
able product. It does not include penalties
caused by the late incorporation of changes (re-
trofit, rework, lost learning, etc.). See
Figure 4. (Shown on Page 29)

’.(
The existence of a sizable overrun always
raises the question as to the adequacy of the
estimate used as the basis to determine the
overrun. The overrun may reflect a poor assess—
ment or errors in the estimating process, both v

leading to a low estimate; such a discrepancy
itself could well be disruptive. We shall use
an "objective" definition of disruption, with
the should-cost to be based on a realistic esti-
mate for each organization. This suggests using
estimating methods, which deal with fundamental
characteristics of the product such as para-
metric estimating.

The Department of Defense (DoD) and defense con-
tractors have been under increasing pressures
to reduce the levels of cost growth in the wea-
pon systems acquisition process. According to
The Armed Forces Journal (March, 1978) estimates
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TABLE 2 WEAPON SYSTEMS COST ESTIMATE COMPARISONS

Keapon System

Dragon Antitank Missile
Condor Antiship Missile
SRAM Air-to-Ground Missile
Minuteman III Missile
Main Battle Tank

Heavy Tank (in design)
Troop Helicopter

F-14 Fighter

F-15 Fighter

. F-111 Bomber

. B-1 Bomber

. Nuclear Attack Submarine
. Nuclear Carrier

. Helicopter Carrier

. Destroyer

As Contracted

N

T

\

FIGURE 4 COST DUE TO DISRUPTION

Original Estimate

$ 1,600
132,000
338,000

6,140,000
341, 000
904, 000

2,050,000

12,600,000
9,800,000
4,000, 000
45,600,000
179,000, 000
679,000,000
153, 000, 000
86,000,000
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$

7,400
736,000
771,000

9,130,000
745,000
1,023,000
2,400,000
17,900, 000
12,300,000
14,900, 000
61,500,000
194,000,000
782,000, 000
229,000, 000
103,000,000

Latest Estimate




based on 1977 Government Accounting Office GAO
data indicate the DoD's weapon cost growth a-
verages less than half of other major federal
acquisitions. 1In its Report_to Congress, on
Financial Status of Major Federal Acquisitions,
January 1979 (72), the GAO indicates that maj-~
or federal acquisitions of all agencies are
estimated to cost $531.2 billion at completion.
This amount represents an increase of $207.4
billion or 64% over initial estimates or base~
line estimates when initial estimates were not
available.

Cost growth is not limited to the acquisition
of weapon systems exclusively. Literature is
replete with examples of cost growth on various

projects. Several examples are shown below
(94):

Project Cost Growth
Roman Aqueduct 100%
Suez Canal 200%
Panama Canal 707
Indian Head Atomic Power Plant 250%
Great Eastern Ship 138%
Convair B-58 300%
Lockheed C-54 86%
Rolls~Royce RB.211 Engine 175%

TABLE 1  EXAMPLES OF COST GROWTH

When programs such as the Apollo Space Program
with a 200% overrun, and the Space Shuttle Pro-
gram are added to this list, the types and lev-
els of technologies spanned becomes diverse.

It is apparent from the examples cited above
that both military and non-military projects
suffer from cost growth. Furthermore, that
cost growth is not limited to programs that
have advanced state-of-the-art technology.

U.S. News and World Report its quotes a GAO re-
port disclosing the cost of 55 major weapons

at 26.3 billion dollar above the pentagon esti-
mates and still rising. Of $7 billion increase
in the last half of 1973, it was estimated that
inflation accounted for $2.5 billion, engineer-
ing changes for $1.7 billion, schedule changes
for $1.4 billion and other causes such as re-
search, development and production difficulties
accounted for the remaining $1.4 billion. Tab-
le 2 below illustrates the per unit overruns

in a large variety of weapon systems as re-
ported in U.S. News and World Report (June
1974): (See previous page)

Major General Dewey Lowe, at the 1979 Confer-
ence on Managing Uncertainty in the Acquisition
of Major Programs reviewed an Air Force Study
of seven major aircraft systems, including the
B1, F15, F16, Al0, E3A, E4 and EF111A. The
study revealed an improvement in the ability to
control program cost growth. In the 1950's
major system cost growth exceeded 200%, while
systems suffered from high risk, poor defini-
tion and low visibility. 1In the 60's, risk was
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moderate, definition was better, total package
Procurement and concurrency was used, and cost
growth was between 100 and 200%. The 70's have
witnessed growth of less than 100% with the
application of prototypes, change controls and
Defense System Acquisition Review Council. When
adjusted for inflation, the approximately 90%
growth rate was a 30% rate in base-year dollars
General Lowe estimates that as much as 70-80%
of the cost overrun is caused by inflation.

One of the classic cases of cost overrun, the
F111, is described in the paper by Roesch and
Sage (151). They report that unprecedented
cost growth of $3 million per unit in 1966 to
almost $15 million per unit in 1970 was caused
by ineffective program management on the govern-
ment's part, poor DoD/contractor relationships,
over-centralization of acquisition management
in 0.5.D. and poorly defined operational re-
quirements. Here is an illustration of the
kinds of problems that can cause growth in
costs.

As a counter-example to purely military pro-
jects, Cochran examined a number of non-mili-
tary overruns as shown in Table 3. Based on
an analysis of the annual cost growth, which
ranged from 4 - 18%, inflation accounted for
the major portion of the overrun in 6 out of
14 programs. Overall cost overruns ranged from
124.3% to 387%. The GAO, in its January 1979
report (72), indicated that inflation accounts
for approximatelv 50% of the cost growth in
military projects. Thus, both military and non
military programs suffer from the effects of
inflation. This is becoming especially acute
in the era of double digit inflation.(next page)
(See page 31)
Notes to TABLE 3

(1) Except for the Alaska Pipeline, data is
derived from Table 2 of report Alaska
Natural Gas Transportation System, U.S.
Dept. of Interior, July 1, 1977.
Includes changes in scope, effects of de-
sign & completion delays on time-related
costs of force majeure events.
Original estimate of $900 million was
clearly just a crude guess. The 1972
estimate of $2.9 billion was based on
more careful study, and is compared with
a 1977 Alyeska estimate of $4.6 billion
uninflated cost to obtain the scope and
inflation breakdown.

(2)

(3)

Another example of cost overruns as related to
energy processing plants is shown in Figure 5
(41). The overruns range from less than 200%

to almost 700% for the actual cost compared with
the initial estimates.(See page 32) )

FACTORS CAUSING COST OVERRUNS

There have been many studies attempting to iden-
tify the causal factors involved in cost over-
run. In this section, we will summarize find-
ings from a number of sources and use these



Date of Last Estimate Annual Growth(%) (2)

lst Estimate $millions ratio years Total Basic Inflation

Metro. Transit

sttems 3
BART 1962 1,640 1,647 14  3.63 0.26 3.37
Washington 1968 5,020 2.008 8 9.11 1.77 7.34
Atlanta 1971 2,100 1,591 5 9.73 2.07 7.66
Municipal )
unicipa
rograms :
Rayburn Office
Building 1956 178.0 3.870 8 18.43 15.73 2.70
Dulles
Airport 1959 108.3 1.641 3 17.95 14.10 3.85
New Orleans
Superdome 1967 98.0 1.531 10 4.35 2.99 1.36
10.94
Other Public
Projects :
Arkans as
Frypan 1962 54.3 1,932 10.5 6.45 2.15 4,30
Chesapeake
Bay Bridge 1968 120.1 1.243 5 4.45 2.00 2.45
. 2.08
Nuc lear Power :
Cooper -
Nebraska 1966 395.3 2.148 8 10.03 7.23 2.80
Rancho
Seco-Calif. 1967 347.0 2.435 7 13.56 3.11 10. 45
TVA-Clinch
River 1970 195.0 2.790 6 18.65 15.58 3.07
Allied Chem-
So. Car. 1971 250.0 2.551 5 20.60 11.99 8.61
Davis-Besse,
Toledo,0h. 1971 466.0 1.524 4 11.11 8.80 2.31
3) 5.3
Alaska Oi‘ .
Pipeline 1972 7,700 2.265 5 17.76 9.67 8.09
Total 11.843 6.960 4.883

TABLE 3 - COMPARISON OF RECENT NON-MILITARY OVERRUNS (1)
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results, and the cost trade-off curves in the

next section as the basis for development of a
model to predict likelihood of disruption and
the concommitant cost growth.

The GAO and the RAND Corporation have done by
far the most extensive and continuing analysis
of cost growth. 1In its report to Congress on
Impediments to Reducing the Cost of Weapon Sy~
stems, the CAO identifies the military's de-
sire for maximum performance, high technology
weapon systems along with instability of con-
gressional funding and constraints as the maj-
or contributors to cost growth (73). They also
identify low rates of production, absence of
price competition, lack of motivation for con-
tractors to reduct cost, impact of government
controls, reduced R&D expenditures and lowered
productivity as additional elements contribu-
tinp to cost growth. Their conclusions on how
to reduce cost was to provide program stabili-
ty that helps recover investments, put more
emphasis on invested capital than production
costs and provide greater flexibility in meet-
ing changing priorities and needs.

In its June 1980 report to the Congress (76),
the GAO identified the issues that have had a
direct impact on weapon system's mission ef~
fectiveness. The majority of the issues were
concerned with operational or performance 1li-
mitations, survivability or vulnerability, a-
vailability, meeting requirements and relia-
bility. As concerns program acquisition the !
major issues dealt with system affordability,
requirements of data reporting, concurrency of
production and development, inadequate test-
ing, cost-effectiveness assumptions, lack of
qualified personnel, indecision on system ur-
gency and technical risks. A summary chart

of their findings is shown in Figure 6.

(See page 32)

Since the late 1950's, the RAND Corporation
has conducted studies to describe the in-
herent uncertainty of the product development
process. From early 1960 to date it has is-
sued a number of increasingly specific reports
to show that design and production concurrency
accompanies large overruns, which were avoided’
when development work substantially preceded
production. Quantitative measures of state-
of-the-art demonstrated impressive correlation
between degree and the proportion of cost over—
run for cases of design and production con-
currency. As a result, RAND researchers re-
comrmend reducing uncertainty in advanced tech-.
nology programs by return to "incremental ‘
product development - a procedure which has
long been used by manufactureres of comrercial
products with stable design (162).

The RAND studies also show that cost and sched-
ule problems are larger as the degree of state-
of-the-art advance increases. Sophisticated
management planning and control programs and
incentive contracting have small effect, and
improvement through better cost estimating and

monitoring of cost growth does not seem sub-
stantial. Furthermore, concurrency may not
even reduce development time significantly. In
short, the main problem lies with the uncer-
tainty that affects development and production
costs in the presence of urgent time schedules.

The importance of uncertainty as a cause of
overruns has been documented by the RAND stud-
ics, which after over twenty years of studylng
complex development programs in the U.8. and
abroad concluded that (146):

"High system cost growth appears to arise
primarily from efforts to subdue diffi-
cult technology on highly compressed
schedules.. (and the) acceptance of opti-
mistic assumptions about the long-term
predictability of technology and the cost
of coping with it."

In describing system acquisition experience,
Perry, et.al (53)., point out initial esti-
mates tend to be overly optimistic and do not
consider or understate technological diffi-
culties actually encountered in program develop-
ment. As a consequence, these difficulties
which lead to increases in total program costs
are seldom accounted for early in a program.
They found that, in nearly all cases, renego-
tiated contracts were much closer to actual
performance requirements and that this was re-
flected in adjusted costs. Thus, the earlier a
iprediction of cost is made, the greater the ex-
ipected uncertainty of actual cost. In general,
‘in the early conceptualization stage, the re-
‘quired technological advances and eventual sy-
'stem configuration are poorly known. Their
,conclusions concerning cost growth and per-—
iformance faults were that they were principal-
"ly due to changes in program scope and they
.were outside of the contractor's control. The
ifactors outside of the contractor's control
generally accounted for the difference between
predicted cost of the original program and the
:final cost of the program as actually delivered

In its attempt to control cost, the DoD insti-
tuted the Design to Cost Concept (DIC) for maj-
or weapon system acquisition. Although this
;approach is an attempt to keep cost within
'limits that can be achieved by a specified de-
'sign, it is recognized that frequent changes
ican undermine confidence in the process. Thus,
flexibility is needed because of the difficulty
iin estimating major system costs with precision
'This implies that performance parameters must
be variable if cost remains relatively fixed.

‘The RAND report by Large (29) on bias in cost
estimates illustrates another dimension of the
problem of cost overruns. In an analysis of
‘the comparison of initial bid with final cost,
‘he found that where the technological advance
required is not fully understood the final cost
.can be off by a factor of two. He cites state-
;ments_made by contractors which clearly in-



dicate that initial estimates are designed to
win the competition. This approach to winning
the contract is also called "buying-in."

Martin, et al, (135) in their paper on the re-
lationship between cost and cost estimation in-
dicate that a cost estimate is at best a rea-
soned guess about a future outcome. The esti-
mate requires judgment and therefore is sub-
jective in nature. Furthermore, because cost
estimates are probabilistic in nature and are
valid only as long as the assumptions on which
they were based remain the same, there is need
to revise estimates in consideration of the un-~
certainty which exists. They point out that
the level of uncertainty is very high in the
early phases of an acquisition, in part due to
the vagueness of system specifications. The
uncertainty is reduced as information is ob-
tained from testing and evaluation. The con-
clusion that is drawn is that mistakes are made
using the wrong approach for the given phase of
the acquisition cysle. The appropriate cost
estimating basis for each phase is shown in
Figure 7 below.(See next page, Fig. 7 & Table 9%

The conclusions drawn by Martin, et al, are
supported by studies which show that initial
estimates seldom reflect the final cost. Davis
(12) supports this finding in his analysis of
uncertainty associated with cost estimating.

He contends that lack of information contri-
butes to the uncertainty of cost estimates. He
also maintains that diffusion of authority and
responsibility for cost estimating throughout
the acquisition cycle complicates the process.
Furthermore, short-fuse requirements impose
severe time constraints and also contribute to
estimating errors. He concludes that there is
a need for greater flexibility in the acquisi-
tion of major systems in order to cope with
program uncertainties. Single point estimates
do not recognize the basic uncertainty involv-
ed in cost and cost range would provide greater
flexibility. Basically, he argues that cost
overruns will be a way of life unless consider-
ation is given to the impact of program uncer-
tainty on estimating. To overcome this problem
the Army has applied a cost estimating program
called TRACE (Total Risk Assessing of Cost Es-
timates). Although there is no provision for
inflation, TRACE does consider the impact of
technical design changes, rescheduling, addi-
tional testing and additional hardward require-
ments (91). This approach specifically recog-
nizes that uncertainty is an inherent part of
the acquisition process and that unless the
causal aspects of estimating uncertainty are
taken into account cost overruns will continue
unabated.

The problem of cost estimating is poignantly
described in the paper on a theory of cost
growth (81). It describes cost as a "dependent'
variable that reflects action taken in res-
ponse to contractual requirements. Thus, if
cost becomes uncoupled from requirements, then

the numbers are meaningless. Furthermore,
point estimates speed up the uncoupling. A
number of reasons why costs become uncoupled
from reality include:

1. Budgets do not anticipate technical re-
quirements, but instead react in a lag-
ged manner to changes in requirements.

2. There is a serious gap between those who
are knowledgeable about costs and those
having technical knowledge.

3. Annual budgetary considerations tend to
dominate the incremented acquisition
process.

4. The sheer magnitude of numbers of people
involved in government functional areas
proliferates the problem and reduces
flexibility.

5. Differential effects of inflation on
given program components.

6. Competition causes cost estimates to de-
cline in the pre-contract award period.

7. Monopsony, which is a market condition
where the customer controls demand and
tries to minimize cost.

The recommendation, then, is to change these
practices so that the acquisition process more
nearly follows normal competitive practice
which would avoid cost growth based on unreal-
istic initial bids and unreasonable budgeting
and estimating practices during the acquisition
cycle.

In a study conducted at USC, six major programs
were analyzed to determine the primary causes
for cost growth, schedule shippage and perform-
ance degradation. Twenty-six factors were
identified as specifically contributing to cost
overruns. These were placed into the four ba-
sic categories described in the beginning of
the paper. The relevance of each factor to the
six programs is shown in Table 5. The result
was that every one of the programs had cost
overruns (see Table 4) and all encountered
schedule slippage with BART and the F11l having
-performance degradation. Furthermore, customer
urgency had the most pervasive impact on all
programs with technological uncertainty second,
organizational slack third, and environmental
‘uncertainty having the smallest impact. The
specific events or factors contributing to the
effects shown in Table 4 and 5 are summarized
in Table 6. In retrospect, it is little wonder
that these projects, which span civilian and
military, high and moderate technology, all
'experienced varying degrees of difficulty in
meeting cost estimates and contractual commit-
ments.

A. ORGANIZATIONAL SLACK

1. Lack of incremental (i.e. milestone)
development

2. Lack of control of the entire project

3. Overlapping development of interde-
pendent projects
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FIGURE 7 ”THE CONTRACTING PROCESS X
Cause/Program RB 211 LHA BART F-111 SRAM C-5A
ORGANIZATION Engine Craft Train Aircraft Missile Cargo
SCACK

1% X X
2. X X. X X X
3. X X X X
4, X X X
5. X X X X X X
6. X
7. X X
8. X X X
9. X X X
CUSTOMER
URGENCY
10. X X X X X X
11. X X X X X X
12. X X X X X X
13. X X
14, X X X X X X
ENVIRONMENTAL
UNCERTAINTY
15. X
16. X
17. X
18. X
19, X X X X X X
20. X
TECHNOLOG ICAL
URCERTAINTY
. X X X X
22. X X X X X
23. X X X X X
24. X X
25. X X X X
26. X X X X A 2

TABLE 5

L.

MAJOR CAUSAL FACTORS FOR SIX PROGRAMS



4. Split and dispersed organizational con-

trol of key elements in a high risk
project (i.e. fragmentation of resp-
onsibilities)

5. Inadequate consideration given to
trouble areas (i.e. subsystem depend-
encies) which could delay the program.

6. Incomplete preplanning

7. Lack of organizational cohesiveness
and continuity

8. lack of adequate manpower to deal with
design changes

9. 1Incongruant personnel career object-
ives.

B. CUSTOMER URGENCY

10. Inadequacy (or incompleteness) of task
definition at the time of contract

11. Contracting simultaneously for cost,
time, and technical performance

12. Contract provisions (e.g. elimination
of contingency provisions), (e.g. total
package concept), and negotiation
techniques

13. Mutual acceptance of unrealistic pros-
pective cost estimates of product and
delivery schedules (i.e. cost optimism
sydrome, schedule, and risk optimism)

14. Over lap of development and production
phases

C. ENVIRONMENTAL UNCERTAINTY

15. Lack of financial strength for large,
long-term risky projects

16. Low bidding, while lacking the re-
sources to finish the job

17. Political/economic pressure to win the
competition at any cost

18. Economic pressures for a general re-
duction of expenditures

19. Inflation, regulation, and poor cost
estimates

20. Optimistic promises concerning sched-
ule, cost, and technical performance

D. TECHNOLOGICAL UNCERTAINTY

21. Underestimation of the degree of tech-

nological breakthrough required in a
state-of-the~art of product develop-
ment, while under a fixed and tight
time and performance constraints

22. Pushing technology too fast

23. Lack of prototype development

24. Performance requirements beyond state-
of-the-art

25. Inadequate test program

26. Major design or scope changes

TABLE 4
See P 4
xg%ing%iog %f the data from the many studies
conducted reveals that there are no simple
answers to reducing cost growth when dealing
with the uncertainty inherent in the acquisi-

CAUSE OF COST OVERRUNS

tion of programs such as those described in
Table 6. It would be unreasonable to prevent
advances in state-of-the-art and changes in de-
sign to meet requirements that are determined
during system test and evaluation. Further-
more, there will inevitably be some degree of
concurrency during development, as well as
overlap of authority because of multiple organi-
zation involved in the process. There is
little doubt that over-optimism in new designs
lead to design changes and ultimately to cost
overruns. Inflation, changing political and
customer influences and environmental castas-
trophies will continue to plague the acquisi-
tion process. Low bidding, poor or inappro-
priate estimates, improper budgeting and cost
control--all contribute to the problem. When
these factors are compounded with interrelated-
ness, delays, disruption, concurrency and ex-
treme variability, it is little wonder that no
definitive answer has emerged to solve the cost
overrun problem. What is needed is a positive
approach to the "management" of risk and un-
certainty so that the polemics of acquisition
disruption, as described by Cochran in Table 7
are avoided. (Shown next page)

DEVELOPMENT OF AN APPROACH TO THE MANAGEMENT OF
ACQUISITION UNCERTAINTY

In the sections that follow, we will attempt to
define terminology used in the management of
risk and uncertainty in the acquisition of maj-
or programs. Patterns of disruption will be
examined in terms of predictive causalitv mod-
els. Finally, these will be combined with a
proposed simulation model that incorporates the
causal models and that treats the factors ex-
plicitly contributing to cost overruns so that
alternative policies and approached can be ex-
amined in terms of minimizing expected disrup-
ition.

Risk and uncertainty are defined based on
classical probability theory as well as how
they apply to the acquisition process. Lev
(33) defines risk as the condition where each
outcome of the decision maker leads to one of a
set of possible specific outcomes, each occur-
ring with a known probability. Uncertainty is
defined as the situation where the probabili-
ties of the various outcomes are completely un-
known. Although risk and uncertainty are often
used interchangeably, they are not the same
istate of knowledge in a given situation.

) .
;Peck and Scherer's (145) comprehensive analysis
;jof the weapon systems acquisition process de-
‘fined risk as the level of consequences of a
‘wrong prediction. They operationally defined
uncertainty as the relative unpredictability of
.an outcome of a contemplated action. They cat-
egorize uncertainty as either internal or exter-
nal where internal uncertainty related to the
possible incidence of unforeseen technical

35



Table 6

Cmursal Factors Comtributing to Cost Overmums

Project Orgmizational Technological Qustomer Envirommental a
lack Uncertainty Urgency inty 2

RB 211- Engine thrust be- 20% fewer rotating late redesign {bankruptcy due
Rolls Rocyce | yond prior exper- parts, first 3 1 to reduce to unrealistic

Engine ience, accepted mn-] shaft, 25 hyfil blades,{ weight, major [estimates

Tealistic deadline,| fan failure due to new | design changes,
lacked financial titanium alloy, higher | urgency in
strength engine weight due to delivery dead-
severe loading, high line
temperatures prevented
early testing.

LHA - Management and Extremely large boilers) Large number of[Social and can-
Landing Heli- | engineers 2000 mi. | rear loading rmmp, 2 change orders, jmmity conflict,
copter Assault| fram ship yard, conventional ships and | shipyard cam- f{difficulry to
ship high management remainder modularized pleted 2 years [transfer management

turnover, over 8 after contract [to the yard
year period had 7 award, DD ship

program managers, 7 and LHA used

yard managers, 5 same yard

chief engineers

BART - new organization new self 1led new rTment  {system ired both
Rapid Transit | to mnag:‘: construc- | railcar, g:p:cphisti- orgazguq:;tion Isubway elevated
System tion and then cated automatic train involving the {facilities in com-

operate the system ! control Association of fplex enviromment
Several Bay
Area entitities
Rohr and West-
inghouse both
had significant
concurrency

Fl11 - Two different cae- | Major advance in the Overlapping Delays in bidding
Swing wing panies designed and | state of the art, swing develomment of [changes in quantity
fighter air- procuced the air- wing, fully modulated wing and engine jordered
craft frame, separate fan jet, self contain- § development,

engine development, Crew compartment, integration of
Secretary of terrain following cap- | pheonix and
Defense took per- ability, 1226 changes SRAM, concurr-
sonal charge of the | in specifications, poor | ency of produc-
project produxct definition tion and deve-
lopment
SRAM Coordination be- New alloys and new de- |Use of the Tota} Delays in coord-
Short range tween SRAM office, | sign concept, mmbitious | Package Procure- inating tests,
attack F111 development SOA solid rocket pro- ment, concurreny Switch fram «,
missile and SPO pellant motors, T { development TPP concept
pressure and bum rate ]|with FB111 air-
8 times that of the craft, lack of
Mimute-man ICBM,low cammonality in
.| radar cross section lmmch platformg
CsA Significant 6200 square feet of ad- |Major Viet Nam War )
cargo air - problems of ditional wings‘s;gm, in- ] changes,quantity] causing 50% of P
craft coordination with tegration of systems, es, over- overnun due to
the SPO by far the largest lap of develop- { inflation
engines ever built, mpent and pro-
kneeling landing gear, |duction could
28 tires, sutomatic not test engine
weight balance of overH
lap with wing
design
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Basic Event

TABLE 7 THE POLEMICS OF ACQUISITION DISRUPTION

The Contractor's Position

The Customer's Position

DES1GN DELAYS

Customer Indecision
Customer Changes
Regulatory body approvsl cycla

Insufficient Contractor rssourcea assignsd

Other deaign work given priority

Poor engineering work raquired Cuatomer corrsction
Poor Contractor communicatfion with Customsr
Contractor didn't follow instructiona

DESIGN CHANGES

Cuatomer changed project's objec-
tives or scops to meet new
competition

Customer misrepresented the task

Rsquired to correct commercial
infeasibilicy

Contractor knew such changes would occur and mads pro-
vision in his price and plenning

Changes made to help Contractor meet schsdula

Poor Contractor design work had to ba corrscted

Contractor failed to follow Customar specs.

Most design work actually dons by Cuatomar

POOR PERFORMANCE

Meets Customer design apecs.

Degradstion due to customer
dasign changes

Not enough time sllowed by cue-
tomer for testing

Customer didn't trsin ics field
peraonnel

Poor deaign work by Contractor

Pails to meet Cuatomer performanca specs.

Poor Contractor quslity control

Contractor failed to determins dssign changs impact
Contractor manusls inadequats

LATE DELIVERY

Customer-caused design delays/
changes affected vendoras,
deaign or production

Force majeure (no one's fault)

See reasons for design delays/chenges

Poor Countractor planning

Poor aalection of or coordination with vsndors
Production inefficiency

Poor quality control

Porce majeure (Contractor responsibility)

COST OVERRUN

Design delays

Deaign changes

Cuastomer changed delivery acheduls
Interactive diaruption

Escalation dua to Customar dalays
Force majeure

Grosa Contractor undsr-sstimating

Contractor "bought" ths contract

Operating insfficiencies; weak management control
Eacalation dus to Contractor delays

Poor planning

Genaral miamanagemsnt

Miscatement of costa by Contractor

DELIVERY ACCELERATION

Customer convenience

Contractor should have sxpscted this

DELIVERY STRETCHOUT
(OR CANCELLATION)

Customer convenience: misjudged
market: shortage of funds

Schedule wss adspted to Contractor capsbilities
Contractor delsys/quelity csused lower sales

DISRUPTION OF OTHER
PRODUCTS

Reflects problems caused by cus~
tomer on this oroduct (See above)

Contrsctor attempt to cover own errors




difficulties in the development of a specific
weapons system. Examples of internal uncer-
tainty include development time of interrelated
technologies, substitutable technologies, and
performance to specification. External uncer-
tainty covers factors external to a given pro-
ject, but affect the course and outcome that
can be expected. Examples include rate of
technological change in weaponry, changes in
strategic requirements and shifts in govern-
ment policy.

The USAF Risk Analysis report defines risk as
the probability of an occurrence and uncertain-
ty as incomplete knowledge. A risk assessment
is where estimates are made of the risk asso-
ciated with given alternatives and risk manage-
ment as the actions taken to reduce risk. Risk
analysis is considered the combination of risk
assessment and risk management. It is the
latter definitions which are most directly app-
licable to the acquisition process. As was
shown previously, they use uncertainty to des-
cribe target, technical, internal program and
process eoffects. They also use a network simu-
tation to develop individual and joint risk
profiles as the system progresses over time.

Harrison (20) defines risk, certainty, and un-
certainty as follows:

risk - a common state or condition in deci-
sion-making characterized by the
possession of incomplete informa-
tion related to a probabilistic out-
come.

certainty - an uncommon state of nature
characterized by the possession
of perfect information related
to a known outcome.

uncertainty - an uncommon state of nature
characterized by the absence
of any information related
to a desired outcome.

Harrison further contends that '"genuine uncert-
ainty is as common as complete certainty". The
more common state of nature is incomplete or
imperfect information, which means that the ex-
pected outcome contains an element of risk for
the decision maker. There is no situation that
deals with the future that can be completely
known when the acquisition process lasts any-
where from 2 to 12 years. How can a program
manager possibly forecast events that far in
the future with any meaningful degree of
accuracy?

Beverly, et al, (86) describe uncertainty in
systems acquisition as the lack of knowledge

in development requiring state-of-the-art tech~
nology. They apply risk based on historical
phenomena for which probabilities can be est-
ablished. On the other hand, certainty or un-
certainty deals with the existence of know-
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ledge. Uncertainty is greatest when knowledge
is at its lowest level. Uncertainty would
describe the situation where a new system is
being developed which involved advanced state-
of-the-art technology. The lack of knowledge,
in turn, inevitably leads to errors in estima-
ting, in design and ultimately in cost control.
This leads to three kinds of uncertainty in
weapons acquisition: design and technology un-
certainty, scheduling uncertainty and cost
uncertainty. They point out that there is con-
flict among goals because reduced design/tech-
nology uncertainty enhances performance while
cost minimization tends to adversely affect
both performance and schedule goals.

Martin (134) deals with uncertainty in terms of
our inability to predict the future in the face
of unknown variables. His taxonomy of uncert-
ainty conditions represents a comprehensive
treatment of the subject. He includes four
basic categories of uncertainty as follows:

1. Environmental:

a) natural factors

b) social & political effects

¢) communication disparities

d) time which results in distortions

e) external to the project or exogenous
f) internal approaches or endogenous

2. Functional:

a) income/business risk

b) financial/earnings risk
c) technological uncertainty
d) production inadequacies

3. Informational:

a) unknows of which contractor is aware
b) unknowns that cannot be foreseen

c) lack of knowledge

d) wunknowns that cannot be anticipated

4., Technical:

a) uncertainty - no known probability dis-
tribution of events

b) risk - outcomes can be described by a
probability distribution

¢) certainty - predictable outcome deter-
mined

d) subjective - probabilities derived in-
dependent of the problem at hand

Martin (134) describes a twenty year period in
which measures to reduce cost growth were not
effective. He recommends the use of entropy to

.measure the level of information in a system

which is directly related to the uncertainty
under which decisions have to be made. As en-
tropy increases, so does uncertainty and what
is needed is a means to increase information
efficacy rather than increase choices or ran-
domness. Thus, if order is complete (reduced



entropy) cost is known: whereas, if multiple
outcomes are possible, cost is uncertain and
difficult to control.

McNichols (138) presents a means for estimat-
ing the distribution of cost uncertainty where
actual costs differ significantly from orig-
inal cost estimates. He contends that cost
overrun is a meaningless concept because all
cost estimates relay heavily on subjective
judgments and are subject to considerable un-
certainty. He considers four basic require-
ments in the treatment of uncertainty. These
include: generation of probability distribu-
tion for individual cost elements; generate a
total cost by additive distributions; the pro-
bability density functions are then combined
to form a compound distribution; finally the
dependence or degree of correlation between
cost elements is taken into account. The pro-
blem of uncertainty then is to determine a
measure of the degree of difficulty or likeli-
hood of achicving cost goals. '

The descriptions of risk and uncertainty pre-
sented above illustrate the variety of ap-
proaches that can be taken. The relevant
question, however, is how best can management
deal with the problem of uncertainty in the
acquisition process. Although it is commonly
assumed that any major overrun signifies poor
management, this premise fails to recognize
that uncertainty is inherent in acquisition
and that managers operate under severe time
and resource constraints.

Even where the degree of uncertainty can be
quantified, either by using past experience or
bv applying analytical techniques on the basis
of a supportable theory, there is a significant
probability of failure. 1In accepting risk, the
trade-off must be clearly assessed. For ex-
ample, economic growth is worth less to some
manager (or their capital sources) than to
others. Thus, arriving at a rational value of
specific losses and benefits. Thus, there is

a need for a "utility function" which identi-
fies the financial consequences of a decision.

In view of the inherent uncertainty in the ac-
quisition process, managers must consider: a)
did the project warrant the resources and risks
involved; b) were the alternatives rationally
defined; c) were considerations given to the
probable results of alternatives as to the
failure of the project; d) were suitable steps
to prevent failure or to hold cost to a mini-
mum made available and e) was there adequate
monitoring of events to detect deterioration of
the situation in an early stage, and to limit
the losses.

Clearly, managers take risks because they pro-
ceed in the face of possible failure. Unfort-
unately, the 'degree' of uncertainty and the
potential effects of unfavorable events are
often difficult to determine. Many situations

et e -
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involve potential events whose probability is
not measureable. All too often the term "cal-
culated risk" refers to a decision reached in
recognition of factors known to be unfavorable
but "not" susceptible to calculation. The
future may even involve events of a totally un-
expected or unknown type. Thus, in dealing

with complex problems under limited time and

resources, substantive errors in judgment can
occur in unpredictable ways.

A CAUSAL BASIS FOR DEFINING UNCERTAINTY

means for controlling cost.

Although uncertainty is defined as lack of
knowledge about specific effects, it can be ex~
amined in terms of the factors that contribute
to disruption and in turn attempt to understand
the causal relations that lead to cost increase.
The premise is that control of the variables
contributing to uncertainty is an effective
This is analogous
to queuing theory where a knowledge of queue
behavior and sequencing rules permits ser-
vicing the maximum demand with available re-
sources. Delays are not eliminated; rather,
they are reduced by adding capacity or modified
by changing priority rules. Disruption in the
acquisition process can be considered similar
to queuing delays in limited capacity servers.
By understanding which factors cause disrup-
tion, management can alter the expected cost
growth by controlling those factors. Typical
factors leading to disruption are shown in
Table 8.

Delay: gaps in carrying out a program

Interruption: short delay
Stretch-out: slow down of program

Interference: delay by stoppage

Vi W N

Redesign: change scope, redo previous

work

6. Work stoppage: partial interruption

7. Interdependencies: indirect delays

8. Shortages or errors: delay due to re-

work

9. Overlay: interferences & delay due to

concurrency

10. Redirection of effort: disruptive

effect of reorganization

TABLE 8 FACTORS IN DISRUPTION

Two key factors that are highly disruptive in
the acquisition process involve concurrency and
technological uncertainty. Concurrency is most
often a result of customer urgency in attempt-—
ing to meet tight deadlines. Delivery urgency
enforced by competitive conditions exerts
strong pressure on suppliers to commit to deli-
very dates which are inherently optimistic or



based on the assumption that no serious pro-
blems will develop. The plan becomes a matter
of urgency when combined with some degree of
technological uncertainty.

Delivery urgency can be disruptive even when
the initial delivery cannot be eased, since
planning is done and work initiated predicated
on the original delivery date. A deferral in
scheduled delivery causes added costs.

TECHNOLOGICAL UNCERTAINTY

As used here, technological uncertainty refers
to two conditions. One is the highly abstruse
demands at the very forefront of scientific
knowledge or state-of-the-art. It also refers
to_a-major gap between an organization's area
of expertise and what is required to perform
effectively. Rapid technological change can
have a major financial impact on an organiza-
tion which can be catastropic and can be term-
ed a "'technical disruption."

Uncertainty occurs where conditions of rapid
technological change exist simply because it

is difficult to make valid judgments. Even ex~
perts have incomplete knowledge. Managers, in
turn, must rely on the recommendations of
technical people, and yet be able to detect
errors and inconsistencies. Hence the mana-
ger's incomplete knowledge can be a limiting
factor.

During a period of rapid technological change,
there is usually intense competition, since a
major advance by one enterprise reduces the
business available to others. As a result,
the amount of time available for testing and
proving of new concepts and hardware is held
to a minimum. Factors used to determine the
state-of-the-art are shown 1in Table 9.

1. Size-number of interrelated components,
physical volume

2. Complexity-difficulty in meeting per-
formance requirement

3. Newness of technology-experimental state
of technology

4. Percent proven technology-degree of
newness

5. Experience in the field-work on similar
programs

6. Percent new components-test and evalua-
tion requirements

7. 1Interdependency of subsystems-types of
linkages

8. Degree of precision-quality or cleanli-
ness requlrements

9. Speclal resources-testing, or tooling
requirements

10. Definitive specifications-clarity in
meeting requirements

11. Design flexibility-tolerance level, sub-
stitutes available

12. Required theoretical analysis-need to
support proposed design

13. Degree difference from existing tech-
nology~-life cycle of technology

14. Available knowledge in the field-
amount of experimentation required

15. Infra-structure support required-
degree of dependency on vendors

TABLE 9 FACTORS DETERMINING THE
STATE-OF-THE-ART

An approach to determining the technological
advance ratings was developed at the RAND Corp-
oration (146) and is shown in Figure 8. The
scale ranges from 0 to 20 where the newness of
the design determines the advance in state-of-
the-art. Examples of a number of military and
commercial aircraft, as well as a number of
different missiles is shown on the chart. The
factors shown in Table 9 include the newness
as well as the design requirements for deter-
mining the state-of-the-art. Thus, state-of-
the-art for a given organization can be con-
strued as the "ability" to produce a given
design, in addition to the newness of the
technology involved. (Shown page 41)

Uncertainty due to technological change often
arises from the overlap or "concurrence" of
development and production. The perceived
necessity to Initiate the ponderous and in-
volved processes of production before there is
real certainty as to the stability of the pro-
duct design, places these at the mercy of any
delays or changes which may occur in the de-
sign. And, such delays or changes are more
likely to occur as the degree of concurrency
increases.

Concurrency is inherently costly since it re-
quires considerable effort and cost to estab-
lish production momentum, and sometime even
more to shut it off or slow it down. A pro-
duction organization is not very good at res-
ponding to the inherently sporadic character
of a development program, and its floundering
is dreadfully expensive.

It might seem obvious that the solution is te¢
avoid concurrency, or at least to limit it to
areas in which redundant or alternative courses
of action offer an option with which to avoid
real failure. Although this may be true, it

is no simple matter to implement.

During rapid technological change, the pres-
sure to take on new projects is greatest. But,
doing so entails even greater risk than under
conditions of technological stahility. Un-
fortunately, there is no warning that "this"
risk will turn out to be unacceptable. The
effects are pervasive and far reaching, rang-
ing from the ineffectiveness of familiar tech-
nical skills and operational procedures to

the impact of recondite scientific laws on the
design, construction, operation and mainten-
ance of a new product.

In an all too common form, technological
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disruption has the following characteristics:

--The enterprise embarks on a program re-
quiring the delivery of a specific pro-
duct within a specified time period.

--The product to be delivered is not fully
designed, but is thought to involve only
normal state-of-the-art, familiar to the
organization.

—-Unanticipated technological problems arise
which require extensive time to resolve
and result in substantial changes to the
original product and to production.

--The changes generate confusion and in-
crease costs substantially, and those in-
creases are intensified by the need for
skills and training and for additional
management time.

—-Intensive efforts must be made to minimize
deviation from the original delivery
schedule and product specifications. This
further increases costs, as the natural
confusion caused by change itself is com-
pounded by the need to expend greater
offort in the shrunken time now available
for design and production, and by the need
to invent new procedures to make better
use of the time.

Much interaction occurs among the various
stages and events of each situation, and the
end result can be a cost overrun of enormous
proportions.

INTERDEPENDENCY

If the degree of state-of-the-art is a driver
of technological uncertainty, then interre-
latedness is a major multiplier on cost of
development and production. Interrelatedness
of design boils down to the fact that a change
in one component or subsystem affects many
others, and of course this process can iterate
further. Interrelatedness can also affect
production and vendor activities, since a
change in production methods or delivery cycle
in one area or component (generated, or course,
by design delays and changes) may affect pro-
duction of other components or work in other
areas. Again the process can become very
complex with many ripple effects. 1In general,
a product operating in a more advanced area

of technology will be more subject to inter-
relatedness. Interrelatedness can be des-
cribed in a matrix form as shown in Figure 9.
(Shown previous page)

ORGANIZATIONAL SLACK

Two other factors compound the disruptive ef-
fect of concurrency: First; the level of re-
sources effectively available to the project
and second, the degree of external control
over events. The level of resources comprises
all types of resources -- technical, manager-
ial, facilities, financial, etc. Adequacy of
resources is measured by what might be termed
“organizational slack”.

This factors relates to the organization's ex-
perience in the basic technology involved. It
provides an invaluable fund of knowledge and
skill in handling the inevitable, unexpected
problems which arise, and which could swamp an
inexperienced organization. A second problem
is the degree to which the task at hand fully
engages all resources available over the time-
frame of the project, which may leave inade-
quate reserves for use on unexpected problems.
This inadequacy can be a critical flaw, given
the intense time compression inherent in con-
current design and production.

Organizational slack, thus, defines the level
or degree of unknowns that are internal to the
system rather than the external exigencies.
Factors related to internal uncertainty could
be measured using dimensions such as:

1. The organizations ability to respond to
new or unforeseen requirements.

2. The slack or flexibility that has been
built into the organization.

3. Prior experience with the given techno-
logy.

4. Number of linkages of subsystem depend-
encies or interaction with other projects.

5. Percent of the project's subsystems being
developed that are at the "state-of-the-
art" of the technology.

6. The amount of time compression or tight-

ness of schedules (concurrency).

. Availability of or access to resources.
. Maturity in the planning and control of
operations, including computer systems

and organization structure.
9. Amount of overlap of: development,
design, and implementation.
10. Number of contractors or organizations
involved in the project.

o0~

These factors contribute to a measure called,
"Organization Response Capacity.'" That is,
management's ability to cope with uncertainty.
In turn, the delay, disruption, or slippage
that can be anticipated would be measured by
the relationship of this capacity to custo-
mer demand as shown in Figure 10.

Expected disruption is an exponentially in-
creasing function which is dependent on the
organizational response capacity, which in
turn depends on the level of concurrency.
Thus, when the level of concurrency approaches
the response capacity, the delay increases.
This formulation does not deal with uncertain-
ty per-se, but whether the organization is
able to cope with problems as they arise, or
is able to anticipate problems. In turn, the
amount of slack or flexibility in the organi-
zation determines the ability to respond to
uncertain requirements. If management is
operating with minimum slack, then any dis-
ruption causes a large delay.

(See figure 10 and Table 10 next page)
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Progrem
Agency Planning Development Eveluation Uttlizetion

Netionel Asronsutice and Space
Aduinietretion:
Godderd Spece Flight Canter

Highly directed
with epecific
objectivee

Raliance on internel
stef(l for project
eelection

Cloee monitoring

Regulerly and fre-
quently evelueted

Plan for utiliretion
included in projecte

KRetionel Science Foundetion:
Reseerch Applied to Netional
Needs (RANN)

Enginearing, Mathematice,
Phyeice Divieions

Mologicel and Sociel Sciencee

Generel objectivee
and priorities

Project idess gonereted
externelly

Coneultetion with re~
ssarch commumity on
prolect selection

Pertiel monitoring

Regulerly eveluated,
but iefrequently

Plan for utilizetion
included in projecte

8y dieciplinee or
fielde of fnquiry

Support of fedividual
scientiete

Zxternel meil review
with feedback to
Teviavers

little wmontteriog

Program wanager de-
feode hie project
eelection decieions

Little direct ettention

By dieciplisee
{within thees,
by linas of 1n=
quiry)

Support of individual
ecientiete

Externel panel revisw of
berderline decieions

Little monitering

Evaluatiow implicit o
cousidering recewed
or comtinued euppert

Little direct ettection

Rational lnetitutee of Xaalth

Sy diaciplines,
collections of
similar aubjects

Swppert of individual
sciontiete
Umeolicited proposals
Dual penel review
{greeteet sttestion te
evaluaticg prepessls)
Littls monitoring

Bvalustion implicit in
cousiderieg renewed
or continued eupport

Little direct ettention

Office of Naval Reeserch

¥y disciplices and
divected st ec-
tracting sest ca-
pable reseerchers

Seek nav resesrchers

No formal review of
preject idass

Meaitor activities (sace
ot twice s year)

Pvaluation implicit in
comaldering reneved
or comtisued swpport

A pert of the progrem
sanager'e mandete

TABLE 10 - EXAMPLES OF PROGRAM MANAGEMENT
{SOURCE RAND - R-1375, APRIL 1975)
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Another perspective of management practices is
shown in Table 10 for four government agencies
based on a RAND (54) study of R&D management.
An examination of the findings reveals the
considerable latitude given program managers
in dealing with creative individuals needed in
R&D programs. Given this kind of organization-
al environment, the accuracy of estimates is
highly questionable. At best, the estimate
becomes a target that permits a level of ef-
fort in attempting to achieve what are often
elusive objectives or requirements.

Perry, et. al, in their study of acquisition
strategies, (53) recommend that acquisition
management use an incremental approach. This
support was based on an analysis of 36 major
DoD programs which revealed that high cost
growth was due to:

1. Willingness to pay the price for having
high technologv with compressed sched—
ules.

<. Over-optimism regarding the cost of cop-
ing with long term technology.

3. Llittle evidence that the programs had

extreme urgency.

Little improvement in cost based on:

I~

a) contractual approaches

b) complex management reforms

¢) 1improved estimating

d) early identification and correction
of cost growth

Despite these four factors, a number of pro-
srams had surprisingly good outcomes and were
able to predict cost performance and schedule.

Using their findings, the authors suggest that
an incremental strategy and control in the
early phases of development would have the
most effect on avoiding cost growth.

The incremental strategy recommend the follow-
ing steps:

1. Resolve uncertainty early in the program

2. Avoid concurrency of development and pro-~
duction

3. Separate performance from reliability
and maintainability

4. Require periodic reassessment, redefini-
tion and readjustment regarding pro-
posed changes

5. Conduct tradeoff studies to resolve re-
structuring

The benefits from an incremental approach to
management would lice in greater predictability
based on prototype demonstration and in un-
cove?ing difficulties early in program 1life.
It would also encourage competition and trans-
fer of technology as the need required.

Another consideration relating to organization-
al slack is presented in the study by Moeller
(45) of the DSARC management review process to

determine its effect on the length of major
system acquisitions. He found that although
DSARC demands considerable time and generates
a sizeable workload for the program office,
there was no excessive delay in 11 of the 13
programs examined. His conclusion, therefore,
was that regardless of how cumbersome the re-
view process might be, it had no significant
effect on the length of the acquisition cycle
because thc review was concurrent with the
production activities. Rather, the primary
contributer to lengthening the development
process was lack of adequate funding or in-
stability which caused stretch-outs. Another
significant factor in lengthening the cycle
was the lack of agreement on configuration
and performance parameters. This lead to in-
decision or inconsistency in meeting techni-
cal requirements. There were a number of de-
lays resulting from testing requirements. Two
significant recommendations were the judicious
use of concurrency, such as for logistics and
more flexibility in the approach to acquisi-
tion.

ORGANIZATION PERFORMANCE

Another aspect of organizational slack relates
to expected performance. Cochran (96) has
identified key factors which contribute to
disruption and which management can review in
order to achieve more effective control:

1. CONTRIBUTORS TO TASK VARIABILITY

a) 1Inadequate definition of product
specification.

b) Underestimating the degree to which
"“state-of-the-art" (SOA) must be
advanced.

¢) Poor cost engineering or organiza-
tion planning.

¢) Not allowing for the degree of un-
certainty in meeting plans.

d) Not anticipating the '"backup” acti~
vities required in case the main
approach fails.

2. DETERMINING DISRUPTION

a) Review the source of rigidity in
the delivery date.

b) Analyze the SOA tradeoff surface.

c) Determine areas where tasks were
not anticipated.

d) Define the degree of SOA advance-
ment required, and the cost in-
volved by area.

e) Determine the risk clements invol-
ved and their effects

f) Define specific cost increase re-
" lationships.

g) Develop modeling techniques to con-
duct appropriate analysis.

Considering that industry is often confronted
with untenable contractual procedures,
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including perpetual specification change and
rigid contracting requirements, as well as, un-
anticipated price changes, inflation, changes
in the number of systems, and the impact of new
technology, it is small wonder that acquisition
managers are confronted with the requirements
for effective means for handling uncertainty.

Cochran (96) also described the S-Curve pat-
terns of labor hours as a cause of disruption
leading to substantial cost overruns when dev-
lopment of a major new design is concurrent
with production and under severe delivery pres-
sure. Labor cost reflects the impact of de-
sign delays, growth, and changes in the pro-
duction function. The S-Curve developed by
Cochran is shown in Figure 11 and includes the
effect of interruption which leads to forget-
ting and subsequent restarting of the program.

The disruption caused by the S-Curve effect
generally continues well beyond the first units
produced, because of the way in which produc-
tion operates. The procedures, tools, and
mcethods established during the start-up period
inevitably carry forward to subsequent periods.
Costs follow accordingly and managers generally
acknowledge that it is harder to revise en-
grained organization practices than it is to
start from scratch. Further, design growth

and changes cause revisions to production
methods and sequencing, and in facilities us-
age. If a change is introduced after pro-
duction has been established, considerable time
is required to fully implement the program. If
design changes occur after the affected com-
ponents have been completed, this requires re-
work and reinstallation, which involves extra
cost. The cost of such work is dependent on
the degree to which it is different from the
position or sequence normally assigned to the
original task. Such work also creates exten-
sive interference with other on-going tasks,
which can involve corresponding greater cost
penalties.

Another cause of disruption carryover is the
"queuing effect'". For example, work still in
process must be held up because of design de-
lays, design changes, or the need to perform

a sizable amount of rework. Inventory control
demands frequent rearranging to locate items
currently required from the shop, and other
double handling affects units in process. In
turn, the clogging up of valuable staging areas
and even workspace may cause direct inter-
ferenc2 with follow-on units.

The repeated delays imposed on the production
organization in the early stages of a new pro-
duct cause deceleration of previous activities
and rework with their many cost penalties. But
beyond that, the relentless need to deliver on
time causes a corresponding acceleration later,
with its own cost penalties. The repeated cy-
cles of deceleration-acceleration generates a
pulsation which sweeps across every phase of

production, gaining momentum and leaving con-
fusion and wasted effort in its wake. The
effects on production procedures, facilities
utilization and personnel deployment and mor-
ale are profound, and account for much of the
cost overruns and schedule slippages encounter
ed production. These effects are summarized
in Table 11. (Fig. 11 & Table 11 shown next
page)

DETERMINING A PATTERN OF DISRUPTION

The ability to define causal relations among
variables in disruption and uncertainty is a
first step in predicting cost overruns and in
determining which actions a program manager
should take to avoid cost growth. For example,
Augustine (4) proposed using additional plan-—
ning funds based on an assessment of risk. He
contends that even the most capable program
manager is not able to forecast all the pro-
blems that will be encountered in a develop-
ment program spanning anywhere up to ten
years. However, it is quite possible to fore-
cast the "probability" that additional funds
will be required. He recommended the use of
TRACE (Total Risk Assessing Cost Estimate) as
the basis for justifying the additional fund-
ing

One of the early attempts to deal with uncer-
tainty was proposed by Marshak, Glennon and
Summers (132). They indicate that where "com-
ponent” interrelatedness is defined, one can
predict the effects that are likely to occur.
Under condition of uncertainty, low slack
heightens interrelatedness and substantially
increases the risk of redesign. Furthermore,
the risk of redesign is sensitive to the
degree that design reaches beyond past state-
of-the-art and where there are requirements

to use existing components which can strain
the designer and lead to suboptimization.
Based on three conditions describing component
interrelatedness, one is in a position to pre-
dict potential disruption. When there is a
high degree of close coupling or interre-
latedness, the likelihood of design change is
substantial. When there is loose coupling

and engineering slack, which permits devia-
tion to occur so that when components are re-
designed the deviation does not influence the
other components, there is less propensity to
redesign. It is argued that the tightness of
component interrelatedness can be traded off
against uncertainty, and thus achieve more
effective control.

Looking at the contract life cycle as consist-
ing of two phase, the award and post-award,
Martin, Glover and Lenz (136) have demonstrat-
ed that program information becomes more un-
certain with the passage of time. The first
phase of the acquisition cvcle provides the
basis for target cost, whereas the second
phase with its lack of order related to pro-
gram information contributes to cost growth.
An entropy model developed by Martin (134) was
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applied to predict final program cost as a
function of target cost and disorder in inform-
ation where: (See page 48)

The model was tested on the SRAM and F-5E air-
craft. In the first case the actual cost of
the SRAM development was $439 million compared
with the entropic cost model estimate of $456
million. In the second case the results for
the F-5E showed an estimated cost of 10.4 times
greater than the actual cost. However, a cost
growth of only 7% for the F-5E is unusual and
could account for some of the difference. A
second problem could have been the uncertainty
assessment for computing the entropy value.
Because of its potential, this approach of us-
ing entropy to predict final cost warrants
continued investigation.

Another measure system complexity which contri-
butes to determining the entropy in a system.
Table 12 illustrates the impact of complexity
on maintainability and availability. Complexi-
ty is indicative of the uncertainty related to
potential disorder and resultant cost overruns.
(See page 48)

RISK MODELS

Many causal relations currently applied utilize
risk, rather than uncertainty to predict pos-
sible outcomes. Figure 12 shows the relation-
ship between risk and uncertainty as related to
causality. Models of known phenomena provide
a more certain basis for prediction than random
events which are used for estimating probabi-
lities. Uncertainty, on the other hand, covers
those areas that are ill-defined or where there
is lack of knowledge of effects. (See page 49)

This approach can be extended to develop a risk
profile that changes over time as shown in
Figure 13 and Figure l4. (See page 49& 50)

The paper by Admiral Freeman shows this pro-
file approach in relation to the DSARC review
process as shown in Figure 15. (See Page 50)

Merrow, Chapel and Worthing (141) developed a
relationship between cost growth and "months
before initial operational delivery" as a func-
tion of state-of-the-art. The high state-of-
the-art projects are most sensitive to cost
growth as shown in Figure 16. (See page 50)

The curves shown in Figures 17 and 18 relate
the level of technological uncertainty to the
program life cycle and advances in state-of-the-
art. Figure 18 shows the probable impact of a
stretch-out on the technological uncertainty.
{See page 51)

Figure 19 attempts to relate state-of-the-art
to interdependency and level of concurrency.

The likelihood of disruption is shown as a fune
tion of varying levels of concurrency. The
more complex the program, and the higher the

interdependencies the greater the likelihood
of disruption. Thus, the likelihood of dis-
ruption increases with increasing concurrency.
(See page 52) .

Another version of the likelihood of disrup-
tion is shown in Figure 20 as a function of
delivery urgency and technological uncertainty
under differing levels of resource application
The higher the level of resource application,
for a given delivery urgency and technological
uncertainty, the lower the likelihood of dis-
ruption. The number of examples abound where
alternate designs are produced in parallel to
reduce the chance of failure. Expanding capa-
city, adding personnel or increasing the level
of testing and evaluation are other examples
of resource expenditures used to reduce uncer-
tainty. (See page 52)

In regard to technological uncertainty, Duvi-
vier (15) recommends the use of technological
forecasting to assess the risk in meeting the
demand for increasingly advanced technology.
He postulates that advances are extrapolations
of current knowledge and that breakthroughs
are rare. Even when breakthroughs do occur,
such as the laser, it takes 8 to 12 years to
incorporate them in new systems. He shows
examples of engine weight, 1lift and fuel con-
sumption all following smooth curves. Thus,
the cost and benefit of new technologies can
be based on an extrapolation of technology
growth curves.

Regression models have contributed significant-
ly to the under standing of causality in the
acquisition process. For example, Leech and
Earthrowe (126) have shown that the ratio of
actual costs to estimated expenditures can

be predicted based on a regression with actual
size of the job. Using a sample of 64 jobs,
they developed a regression curve, where r =
+955 + .009X, and X = actual job size in man
hours. As they point out, in every case a
commitment was made to the customer based on
an initial design. However, where the job is
large, requires considerable technical inno-
vation and the quantity ordered is small (no
opportunity for learning) the design and dev-
elopment costs contribute significantly to

the final cost. They recommend an investment
portfolio approach to minimize the risk asso-
ciated with design uncertainty.

It is well known that new technologies rarely
are used for the entire system. Rather, they
represent a small percent of all the subsystems
and components. Where the manager maintains
control over those components which utilize
new technology, they are in a better position
to effect the reduction of cost overruns. The
use of the Pareto Law as a basis for determin-
ing which components contribute most to the

technological uncertainty is shown in Figure
21.

The point C on the absicissa represents the

47



System Entropy ’
Entropy o
Maximum Entropy

n

E Pi log Pi

= i=1 4
Tog n )
where Os Entropysl
and Pi = the probability of success or failure associated
with the ith element of uncertainty.
Target Cost Target Cost
Final Cost = =
Order in Information 1 - Oisorder in Information
Target Cost
Final Cost =
1 - Entropy
Mean Flight .
Oegree Not Hours Maintenance
of mission  between man-hours
Complexity capable failure per sortie
Air Force
A-10 Tow 32.6% 1.2 18.4
A-70 medium 38.6 0.9 23.8
F-4E med ium 34.1 0.4 38.0
F-15 : high 44,3 0.5 33.6
F-111F high 36.9 0.3 74.7
F-1110 high 65.6 0.2 98.4
Navy/Marine Corps .
A-4M Tow 27.7% 0.7 28.5
AV-8A Tow 39.7 0.4 43.5
A-7E medium 36.7 0.4 53.0
F-4J medium 34,2 0.3 82.7
A-6E high 39.3 0.3 71.3 <
F-14A high 47.1 0.3 97.8 ’

TABLE 12 - COMPLEXITY, MISSION CAPABILITY, AND MAINTAINASILITY OF VARIOUS
WEAPON SYSTEMS.

(Source: Armed Forces Journal International, May 1980)
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subset of components that contribute most to
technological uncertainty in terms of system
impact. Typically, 20% of the components con-
tribute 80% of the problems encountered. The
Pareto Law can be used as a basis for para-
metric estimating and provides a useful tool
to control technological uncertainty.

(See page 54)
Because technological uncertainty impacts pro-
jects with advanced state-of-the-art. Reduc-
tion in development time is possible by main-
taining a strong Research and Development (R&D)
posture. New technologies can be tested and
evaluated prior to incorporation in major sy-
stems and thus "avoid" the uncertainty. Con-
sidering that new technology is limited to a
small percent of components, advanced or anti-
cipatory development can contribute signifi-
cantly to the reduction of technological un-
certainty, reduced need for concurrency and
ultimately reduced disruption. Thus, 'demon=-
strated” technleal capability could supplement
fly before buy as an approach to the manage-
ment of risk and uncertainty in major ac-
quisitions.

This latter position is consistent with DoD
5000.3, dated April 1978 which states, "Test
and evaluation shall be commenced as early as
possible and conducted throughout the system
acquisition process as necessary to assess
and reduce the acquisition risk". It also
concurs with OMB-A-109 which states, "When
risks can be accommodated and progress indi-
cates that a proof of concept demonstration is
in order, the alternative system design con-
cepts selected for consideration for competi-
tive demonstration are to be submitted to the
agency head for approval, along with other
alternatives which were identified and evalu-
ated." Although early prototyping offers a
number of advantages, the maintenance of a
hasic technological capability consistent
with emerging needs can effectively collapse
the time span taken for major developments.
In the commercial field IBM and Bell labs are
examples of maintaining continuous, high
technology, R&D capability which has payoff
in terms of capability in developing new tech-
nology.

CURRENT APPROACHES TO ACQUISITION MODELING

This portion of the report will examine repre-
sentative models that are currently being
applied to the acquisition of major systems.
For our purposes the types of models will be
grouped into two major categories - probabi-
listic/stochastic models and general models.
Within this framework several aspects of each
of the models will be explored - namely, the
basic approach of the model, how it is used,
results of its use (post-mortem analysis will
be included where available), the requirements
for its use, and, the problems or limitations.
The selection of the models chosen for analy-
sis is not intended to be exhaustive, but
rather indicative of the type of models

currently being used or proposed for use in
the acquisition process.

The extension of the two groups of models
leads to a proposed approach - the Causal - Im
tegrative Model (CIM) - which is suggested as
a means to deal with factors beyond those used
by many of the current models.

Stochastic/Probabilistic Models

Within this category, three models will be dis-
cussed. These are - PERT, VERT, and a Risk
Analysis Model presented by Admiral Freeman

at the 1979 Symposium on Risk and Uncertainty.

PERT - Pfogram Evaluation and Review Technique

PERT was originally developed in the late
1950's as a tool for managing large, complex

engineering projects. Among the characterts-
ties of PERT as a program management toech-
nique arc:

provides management with probabilistic
estimates for best possible use of re-
sources to achieve a given goal within

time and cost limitationms.

helps management examine the uncertainties
involved in programs by answering questions
such as how time delays in certain elements
influence project completion; where slack
exists; and what elements are critical to
meet completion date.

provides a basis for evaluation of alter-
native approaches including manpower, mat-
erial, capital requirements through utili-
zation of a network analysis.

A set of basic requirements to meet the un-
certainty aspects is as follows:

* a network of events and activities - Work
Breakdown Structure - introduced with their
associated risk or uncertainty.

+ Events and activities are sequenced on the
network under a highly logical set of rules
which allow the determination of probabili-
ty of delay or disruption on critical and
subcritical paths.

The use of PERT provides the program manager a
planning tool to create a major network. This
can be used to analyze the interdependencies
and problem areas which are neither obvious
nor well defined by other techniques. PERT

is also used to estimate the probability of
meeting specified deadlines by examining al-
ternative plans and c¢valuating the coffect of
changes in the program.

A major disadvantage of PERT is the cost in
time and resources. Data collection, manpower,
lag time to output, and computer resources,
are some of the major problems. Maintainance
of the program is also relatively expensive.
Thus, PERT has been primarily used on large,
complex systems where the cost is a minor part
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of total acquisition.
VERT - Venture Evaluation and Review Technique

VERT was developed in 1973 by Gerald Moeller
(92) and has been used almost exclusively by
U.S. Army program managers to determine the
"best" balance among the three program para-
meters: cost, schedule, and performance. The
model evolved from earlier methodological ap-
proaches such as GERT {(Graphical Evaluation
and Review technique), CPM (Critical Path
Method), PERT (Program Evaluation and Review
Technique), MATHNET (Mathematical Network
Analyzer), and RISCA (Risk Information System
and Cost Analysis). The short comings of
these earlier models when compared with VERT
was their failure to include the performance
variables along with the cost and schedule
variables in the total risk-analysis method-
ology. The VERT model corrects this problem.

The VERT approach is a general networking
method that determines program risk analysis
through two basic steps: construction of the
graphically representative network and analysis
of the network using the VERT software. The
first step entails development of the ordered
series of activities or subtasks that lead to
a specific task. This network includes all
aspects - including decision points - required
to complete the event. If the problem is
quite large and complex, lower level networks
or subnetworks of the major subsystems are
developed.

Once the network (or networks) 1is developed,
the program is converted into the VERT soft-
ware compatible terminology. The software al-
lows for a variety of input capabilities that
make it possible for decision events and acti-
vities occurring within the network to be des-
cribed. Numerical values for a task's time,
cost, and performance are assigned along with
probabilities or decision rules based on a
specified relationship. The process involves

a Monte Carlo simulation in which the design

of the network flow across the entire network
or subnetworks from the start to an appropriate
decision point leads to a trial solution of the
problem being modeled.

The process is iterated as many times as the
need warrants in order to create a large sample
of possible outcomes concerning: slack time,
completion time, cost, and performance. Fre-
quency distributions, scatter diagrams, and
probabilities of exceeding given values are
also generated. Finally, pictorial histogram
are generated for desired events, giving the
program manager an integrated risk analysis

for a particular point of interest in the pro-
gram. Mann (131) reported in Defense Manage-
ment Journal that '"some minor problems have
arisen with VERT, but none are considered major
obstacles to its effective use.” The problems
center about the probability distributions.

Most data sets in VERT are triangular indicat-
ing pessimistic, optimistic, and most likely
values. This factor reduces the flexibility
of the model and the accuracy of the simula-
tions. Another problem, according to Mann, is
the inability to obtain expert estimates of
the time and cost requirements. The experi-
ence is that most of the values obtained have
been overly optimistic - which reduces the
usefulness of this approach.

General Models
Within this category, types of models will be
discussed - parametric cost estimation and

dynamic modeling.

Parametric Cost Estimation

Parametriec Cost Estimation is the primary
costing methodology for DoD weapon system
acquisition. This approach evolved from re-
search by RAND Corporation in the late 1950's.
The basic idea was to make accurate estimates
of weapon system costs at the early stages of
system design. This approach uses performance
variables such as speed, weight, range, power,
etc. to predict costs since estimates of these
parameters are usually known early in the de-
sign phase. These estimates are based on
historical data of previous or similar systems
and utilize statistical relationships between
cost and the performance parameters of these
past or similar systems.

These statistical relationships, called cost
estimating relationships (CER), take the form
of an equation using cost as a function the
performance variables and constant coeffici-
ents. McNichols (138) describes the relations
in simplified format by:

C=f (X)) =f (Xl, X2......Xn )

where x, denotes, a performance parameter.

The total cost would then depend on each of
the values of Xj based on data from historical
or similar systems. McNichols criteria for
selection of the variables is given by:

. The logical or theoretical relation of a
variable to cost (thus implying that a
real dependence between cost and the value
of the particular variable or set of vari-
ables exists, subject to some random dis-
turbance or uncertainty.)

- The statistical significance of the vari-
able's contribution to the explanation of
cost (thus implying that relevant cost ex-
perience exists to test and calibrate the
postulated cost dependence - subject to
measurement uncertainty.)

. The dependence pattern of the contribution
made by a variable to the explanation of
cost (thus the analyst must have suffi-
cient confidence in the relationship that
he is willing to extend it to estimate a
new item - and different analysts will
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have different degrees of confidence hence).

There are several advantages to the parametric
cost estimation approach. First, since the
method consists of a series of CER,s and re-
quires aggregation, it is easily adapted to a
computer. OQutput and turnaround for new esti-
mates can be obtained quickly when compared
with the detailed engineering approach. Sec-
ond, sensitivity analysis is easily performed
using this method. For any change in a given
parameter, the correspoudiug change in cost

is caslly determined. Third, cost/benefit
analysis or trade-offs are also easy to per-
form. Fourth, each time a later generation
system is estimated, the historical data base
already developed can be updated and used.

The approach is not without its disadvantages.
First, the cost of computer resources is sig-
nificant. Collection of the data is time-con-
suming as well as subjective. Second, keeping
the database relevant is a major problem.
Haese (117) states that the tremendous techno-
logical advances of weapon system state-of-the
—art have teunded to out-date cost data even
before it is reported. Thus, cost data col-
lected on the latest weapon system may not re-
present the cost of current technology. With
changes from discrete components to inte-
grated circuits, from compound metals to com-
posite materials, etc. What, if any, histo-
rical technology is similar enough to any pro-
posed weapon system to allow valid design and
credible cost comparisons? Third, the rele-
vance of the cost data base is equally influ-
enced by differences in weapon system acqui-
sition management philosophies, contractual
approaches, contract types, and resources a-
vailable. Fourth, the comparability of the
cost data among contractor generated cost
reports produces serious problems. Often, it
is difficult to understand what the collected
cost data represents.

Risk Analysis Model

RADM Freeman's risk analysis model allows var-
ious alternatives or systems to be objectively
compared through aggregate risk analysis. The
process begins with a segmentation of the var-
ious program functions into cztegories of re-
flecting the schedule, cost, and performance
variables. Risk distributions, represented

by utility functions, are used to determine
utility values versus a change in one of the
variables. For example, the question of "“how
much additional risk is presented by a change
in performance variable A?" is answered. The
next step consists of developing a Risk Matrix
where the options (or alternative systems) are
presvnted versus the criteria for choice. The
summary risk or probability for each system/
alternat tve van then be compared on a quanti-
Pat dve basis,

The term risk factor is presented in the form

of an equation:

R.=1-Pg (1 - C¢)

Where: Rf
P

Risk Factor
g = Probability of Success
Cf = Consequences of Failure
With: 0<pP <1
0<cCps1

If Cf the consequence of failure is interpret-
ed to represent a utility function, then the
risk factor curve will be defined as a utility
function. The shape of this function will be
in the form of Figure 20, previously described
If the system criteria and associated risks
developed from the Risk Matrix earlier in the
sequence were plotted in rank-ordered fashion,
it too would be representative of Figure 20
(or, a negative Pareto function).

Dynamic Modeling

Computer-based dynamic modeling was developed
by J.W. Forester in the 1950's as an approach
in helping to solve problems of complex, con-
tinuous systems. 1In his book, Industrial Dy-

namics (105), Forrester states that a dynamic

model of a system should have the following
characteristics:

. A statement of cause-effect relationship
. Simple mathematical relationships
Be extendable to large numbers of vari-
ables without exceeding the computer limit-
ations:
Be able to handle "continuous" interac-
tions in the sense that any artificial
discontinuities introduced by solution-
time intervals will not affect the re-
sults. It should, however, be able to
generate discontinuous changes in deci-
sions when these are needed.

A dynamic model is based on four factors that
have improved understanding of complex systems

+ The theory of information-feedback systems.

+ A knowledge of decision-making processes.

. The experimental approach to analysis of
complex systems.

» The digital computer as a means to simu-
late realistic mathematical models.

Forrester contends that the development of a
dynamic model should encompass the following
steps:

Identify a problem

+ Isolate the factors that appears to inter-
act to create the observed symptoms

- Trace the cause-and-effect information-
feedback loops that link decisions to
action to resulting information changes
and to new decisions

+ Formulate acceptable formal decision
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policies that describe how decisions result
from the available informatios streams

+ Construct a mathematical model of the deci-
sion policies, information sources, and in-
teractions of the system components
Cenerate the behavior through time of the
system as described by the model
Compare results against all pertinent a-
vailable knowledge about the actual system

* Revise the model until it is acceptable as
a representation of the actual system
Redesign, within the model, the organiza-
tion relationships and policies which can
be altered in the actual system to find the
changes which improve system behavior

+ Alter the real system in the directions
that model experimentation has shown will
lead to improved performance

He further states that dynamic models should be
based on these premises:

» Decisions in management and economics take
place in a frame work that belongs to the
general class known as information-feed-
back systems.

Intuititive judgment 1s unreliable about
how these systems will change with time,
even when good knowledge of the individual
parts of the system is possessed.

. Model experimentation is now possible to
fi1l the gap where judgment and knowledge
are weakest - by showing the way in which
the known separate system parts interact
to produce unexpected and troublesome over-
all system results.

Enough information is available for this
experimental model-building approach with-
out great expense and delay in further
data gathering.

+ The "mechanistic" view of decision making
implied by such model experiments is true
enough so that the main structure of con-
trolling policies and decision streams of
an organization can be represented.
Industrial systems are constructed inter-
nally in such a way that they create for
themselves many of the troubles that are
often attributed to outside and independ-
ent causes.

+ Policy and structure changes are feasible
that will produce substantial improvement
in industrial and economic behavior; and
system performance is often so far from
what it can be that initial system design
changes can improve what causes losses in
one area in exchange for gains in another.

Dynamic system model contain four essential
features:

Several levels or accumulations within the
systems; e.g. - inventories; number of em-
ployees, work in process.

+ Flows rates that transport the contents of
one level to another.
Decision functions that control the rates

of flow between levels.
Information channels that connect the de-
cision function to the levels concerned.

Figure 22 depicts an example of the interaction
of the major components of a dynamic system.

In Figure 22, the solid line represent the f{low
channels and the dashed lines represent inform-
ation sources. Not shown in Figure 22 are all
of the assoclated delays with the various lev-
els (shown is the delivery delay). For example,
delays associated with hiring and training em-
ployees, manufacturing delays, delays in re-
ceiving raw materials, and production delays
associated with the various levels and flows.

(Shown on page 54)

Expansion of the concepts presented by Forres—
ter into an acquisition model would present a
clear picture of possible problems, areas of
likelihood of cost overrun, and disruptions.
Thus, the main advantage of dynamic simulation
is that it forces managers to crystalize their
decision-making processes. This function can-
not help but lead to greater insights into
program acquisition.

However, the approach is not without disadvan-
tages. Among these are:

In simulation, all relevant variables and
phenomena must be quantified. The reduc-
tion of all descriptive knowledge to quant-
itative measures 1is not always valid.

. Dynamic simulation is found to be most use-
ful in price-quantity problems, less useful
in organizational design, and least-useful
in product-market strategy.

. Dynamic simulation is not easy to apply.

It is a complex technique that needs con-
siderable data and knowledgeable people.

. There are problems in acceptance of the
approach because it is often considered
a research tool.

Causal Integrative Model (CIM)

An extension of the Forrester type model is
shown in Figure 22 which describes the pro-
cesses, flows, variables, feedback loops, de-
lays, exogenous variables and key decisions as
they are related to the four basic variables
in the acquisition process. As noted in the
report, acquisition models currently being
used do not address all of these variables,
thus, each model lacks some degree of com-
pleteness.

Referring to Figure 23, the Causal-Integrative
Model can be used to determined how a change
in economic uncertainty affects the level of
environmental uncertainty which, in turn, af-
fects mission, scope, and funding. These
changes pertubate the system to effect changes
in organizational slack, technological uncer-
tainty, and customer urgency. Thus, a change
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in one variable can be shown to cause changes
in the others through the pervasive network of
interdependencies. These changes in the key
variable impact the acquisition cycle in ways
that are not intuitively obvious without the
aid of a dynamic model to point out the causal
relationships.

The direction in acquisition management promp-
ted by this report leaves several facets to be
completed:

development of a computer-based model for
use, such as the CIM,
testing of the model with a completed pro-
gram,
validation of the model using current pro-
grams,

. implementing the model for policy level
decisions in acquisition management.

In order to extend the research described a-
bove, additional research is needed to con-
struct the Causal-Integrative Model.

CONCLUSION

The material presented in this report has at-
tempted to highlight important advances that
have been made in improving the acquisition
process. Because of the pervasiveness of the
subject, of necessity, not all relevant re-
search of applications can be included. Rather,
what has been presented here can be considered
as indicative of the current state-of-the-art
in acquisition management and a baseline ap-
proach for future developments.

At the outset, the report emphasized the need
for a causal basis for understanding the fac-
tors that affect cost overruns. A number of
illustrations were presented that clearly iden-
tify that cost growth is a phenomena that is
related to the acquisition of complex projects,
both civilian and military. Furthermore, that
four primary variables contribute to cost.
These include environmental uncertainty, tech-
nological uncertainty, customer urgency and
organizational slack. The discussion pointed
out that control as currently practiced, is
not sufficient to avoid cost overruns. A num-
ber of research reports were reviewed which
cover reasons for cost overruns, including an
extensive study done at the University of
Southern California which identified 26 factors
contributing to cost overrun. Among the key
contributors to incurring higher than budgeted
costs are the four primary variables in the
acquisition process described above.

Baving established a basis for understanding
why cost overruns occur, the next section of
the report dealt with the risk and uncertainty
aspects of the problem. A number of authors
were cited to help define the sometimes ab-
struse terminology used in the field. This
material provided a foundation for the sec~
tion on a causal basis for defining uncertainty

A number of studies were presented to help un-
derstand what causes uncertainty and how to ap-
proach it in the acquisition process. For ex-
ample, it was pointed out that uncertainty and
disruption cannot be elinimated, but rather can
be controlled if there are causal models such
as the RAND study relating cost to advance in
state-of-the-art. Each of the four basic vari-
ables were examined in terms of developing mo-
dels, measures or approaches to coping with the
problems of uncertainty.

Given the foundation presented to this point, a
set of causal relations among variables in dis-
ruption and uncertainty were examined in order
to establish a "pattern of disruption'. This
was followed by the section on current ap-
proaches to acquisition modeling, including
ones used for risk analysis.

The final section presented a "Causal-Integra-
tive Model", which illustrates the complex re-
lationships that exist among the variables that
affect the acquisition process. Although this
is a preliminary model, it provides a basis

for integrating the approaches to date to mana-
ging the acquisition process. It includes many
causal sub-models, such as concurrency, learn-—
ing curve, disruption, etc. It also covers the
dynamic interdependencies that exist and the
treatment of risk and uncertainty as integral
parts of the model.

Acquisition managers armed with more sophisti-
cated tools can improve the effectiveness of
their performance and thereby achieve the max-
imum potential cost control. Obviously, no set
of tools or techniques is a substitute for man-
agement; however, the well informed manager can
make decisions which have a greater likelihood
of occurrence providing the bases used are
sounder. The causal approach described in this
report offers the potential for achieving this
goal.

*Insert Bibliography after this
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APPENDIX

As an adjunct to the research report, a survey
of various government agencies, military ser-
vices, contractors, and university faculty was
conducted. The goal of the survey was to sum-
marize methods currently being used or proposed
to be used in the analysis of risk and uncer-
tainty in major program acquisitions. As ex-
pected, many of the approaches relied on DoD
Directives 5000.1 and 5000.2 along with DMB
Circular A-109.

The following comments were elther excerpted
directly from the returned questiomnaire or
were summarized by the authors.

. This respondent is not involved in the ac-
quisition process, but does perform econo-
mic analyses in support of it. Encouraged
in the use of sensitivity analyses or "what
if" types of approaches. The prime tool is
the net present value approach (NPV) of
different investments using inputs concern-
ing major uncertainties. If changing the
risk changes the rankings of the NPV anal-
ysis, the factor is considered sensitive
for subsequent analyses.

Also included from the respondent was a
copy of proposed legislation HR 8303 dated
October 2, 1980. This bill would establish
coordinated program under the direction of
the Office of Science and Technology Policy
for improving and facilitating the use of
risk analysis by those Federal Agencies
concerned with scientific and technological
decisions as related to human life, health,
and protection of the enviromment. The
bill would require that research be done

to meet the objectives defined within the
bill. These objectives deal with establistr
ing criteria and methods for risk analysis.

Several different techniques are used by
this group. These include:

establishing management reserves for
contingencies

. cost and schedule variance reporting
using C/SCSC (Cost/Schedule Control
System Criteria)

. use of program "baselines'" which estab-
lish program cost-levels to carry out
the program

Noted that formal approaches on risk and
uncertainty are limited in usage within DoD

. A bidding division provides the corporate
offices with details of the customer's
request for proposal (RFP) for independent
review and comment. Discussions ensue on
high risk areas on how to minimize the risk
through contract terms or price considera-
tions., Corporate level approval 1s ob-
tained via a proposal/pricing review meet-
ing where risks and treatments of risk are

discussed. Corporate approval usually
carries certain qualifying guidelines.
Any departures from these guidelines dur-
ing competition must be reviewed and ap-
proved.

Risk assessment (reduction?) is considered
and incorporated as follows:

. Need for a validation period for criti-
cal components/segment

. Need to maintain multiple sources
through the validation plan, and
through full scale development if risks
are sufficiently low

. Extent of testing (number and types)

with rules for operational evaluation

testing being employed

Extent of testing and demonstration

prior to commiting to production

. Tvpe of contract (cost vs. fixed price)
and type of incentive to recognize risk
and drive contractual efforts towards
technical solution

Mainly employs Dod 5000 series.

Describes a genmeral management approach
for addressing Dod's affordability pro-
blem in the procurement funding area LMI
report RE903 "Affordability for Major
Systems Acquisitions"” Jan 1980. The af-
fordability analysis procedure is based
on the use of an affordability matrix

for the procurement analysis of each ser-
vice. The matrix allocates forecasted
procurement resources to programs for a
15-year period based on program priority
and cost, thereby establishing a 1l5-year
baseline procurement program for each
service. This procedure could lead to
stable funding for high priority programs
and identification of unaffordable pro-
curement programs.

Computer-based approach that used a

prior established upper and lower bounds
costs for subsystem. (eg. alrframe en-
gine control & guidance, etc.). A beta
distribution is fitted to the upper, low-
er, and most likely estimates of costs.
Subsystem costs are then aggregated us-
ing Monte Carlo Simulation.

. Study under way (Study completion date in
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1981)

DoD funded study involves interviews with
strategic planners and procurement mana-
gers regarding the process and content of
strateglc planning efforts by prime con-
tractors to identify sources of material,
product and technological risk among low-
er tiers of the industrial base and dev-
elop proactive, entrepreneurial programs
to help reduce that risk. Desired output
is a viable and responsive multi-tier in-
dustrial base for major problems. Speci-
fic risk issues involve critical materials
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. Offers two methods:

and capacities, manufacturing technologies,
and interorganizational technology transfer.

. Developed a method of first order evalua-

tion of a system cost which is applicable
in the first months of a concept develop-
ment effort. The method identifies the
major contributors to cost and the factors
that influence them. Reduction of cost
risk requires knowledge of where the risks
are. This approach developed by the res-
pondent provides the identification of the
risks within "reaction time". Utilizes en-
gineering estimates (vs. parametric).

a) parametric cost
estimation technique, and b) statistical
sampling.

The parametric estimate utilizes "degree
of analogy'" as measured by Mahalanobis
distance (defined as the distance between
two multivariate populations. The two
populations are the predictor variable
space and the historical variable space).
The approach selects a data base and ap-
propriate predictor variables to predict
the cost of a major program based on his-
torical costs of related programs.

The statistical sampling approach is con-
strained to sole source pricing. It uses
a suitably selected sample of proposals
from a sole source to price out an entire
backlog. It is shown that classical stat-
istical procedures are vulnerable to game-
manship and this new approach is invulner-
able to this since the user controls the
risk with sample size and sample stratifi-
cation.

. Preliminary study that analyzes acquisi-
tion costs as a function of production
rate and the quantity produced.

Appears to pick up cost growth as related
to customer urgency (production rate) and
scope changes (quantity produced).

. Program using cost, technical, and sched-

ule analyses in support of development
and full production of a battlefield
system.

In-house and external agencies perform an-
alyses at prescribed stages in the acquisi-
tion cycle (See Dodd 5000.1,.2). These
analyses use the appropriate-anlytical
tools for the stated study objective in-
cluding C/SCSC (Cost/Schedule Control Sy-
stem Criteria), VERT (Venture Evaluation
and Review Technique - a quantitative

"CPM" - type of approach) and other opera-
tions research systems analyses techniques.

Uses an approach called PROMAP. This ap-
proach is a network analysis technique

similar to PERT and CPM but is probabilis-
tic rather than deterministic like CPM and
PERT. PROMAP is a simulation program to
aid in decision-making regarding risk in
the areas of cost and schedule (does not
look at technical risk or address causali-
ty).

. The methodology is being used to reduce
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risk and uncertainty on program costs and
schedules (again, lacks technical risk)
through application of the Draft RFP. Po-
tential contractors are encouraged to chal-
lenge requirements that are considered sig-
nificant "cost drivers" and to suggest re-
visions to performance, schedule, or other
contractual requirements that could en-
hance program/project performance.

In addition to the DRFP, Business strategy
panels are convened prior to the issuance
of a formal RFP. The panel discusses ac-
quisition problems, desired type of con-
tract (FPI, CPFF, etc.) and other relevant
aspects to this point in the cycle.

Based on overall risk assessment, the type
of contract is determined (incentives, fee
sharing, etc.) which may be influenced to
some degree by the contractor.

Uses C/SCSC which required detailed plan-
ning of work tasks by cognizant people at
the operational level in terms of antici-
pated resources to be anticipated to be
expended for successful completion (C.0.P.
cost to complete).

Looks at variance of cost and schedule and
performance against the current plan. I-
dentifies causes of variances to the plan,
impacts of variances, recommends action,
and probable new plan. Manages risk on
an exception basis..

Because of the variety of programs, res-
pondent indicates that no standard ap-
proach is desirable. Instead, each pro-
gram is handled as a case-by-case approach
where management reviews the risk and un-—
certainty prior to the commitments and at
intervals throughout program life. The
intervals are pre—established but reviews
can occur upon indication of a potential
change in risk caused by either internal
or external reasons. At critical points,
these reviews are made with the inclusion
of ad hoc groups of individuals not dir-
ectly associated with the program.

The approach is to consider uncertainty u-
biquitous, and to treat it descriptively,
as a characteristic of variables of inter-
est. Develops the term "Parametric Factor
Evaluation'" (PFE) as a process of identi-
fying variables of interest describing the
nature or form of the uncertainty of



concern, and for examining available in--
formation to arrive at the required or de-
sired decision.

. Manages risk and uncertainty in the acqui-
sition of major programs by various methods
and techniques authorized by Defense Ac-
quisition Regulations (DARs). The regula-
tions provide the use of various types of
contracts depending on the degree of risk
and uncertainty (did not state how the de-
gree is obtained). In addition various
forms of oscalation clauses are utilized
in long term major contracts to cope with
uncertainty and degree of inflation as
well as labor and materlal cost increases.

Risk and uncertainty are assessed at the
outset of every program. They are judged
mostly by experience on previous programs
and how far current technology would be ex-
tended in each approach considered. Cost
and schedule risk are tied directly to per-
formance goals and difficulty of achieve-
ment vis-a-vis current technology.

. Describes three approaches currently being
used:

. SCARA - Schedule/cost Risk Assessment
which is a detailed program simula-
tion model used to predict budget re-
quirements.

. Estimate at completion: statistical
curve fitting routine based on histo-
rical program cost and schedule data,
used to predict program budgets and/or
schedules.

. Parametric Cost Estimating: Models
are used to attempt to accurately pre-
dict program runout costs.

Describes a conceptual approach that:

. Uses a triangular frequency distribu-
tion to describe risk profile of each
major cost element

. Convolutes these individual risk pro-
files into an overall risk profile for
the program

. Uses the overall risk profile to es-
tablish the negotiation position for
high risk (low definition) programs

Manages program risk in shipbuilding by:

. Providing for adequate design schedule
and iterate design;
introducing shipbuilder and contractor
support early in the program;
commencing testing early at land-based
engineering facilities;
commencing detailed design before the
lead ship contract is awarded;

. using cost reimbursement contracts in
initial stages;

. using a lead yard-follow yard conéept
with the ship builder to ship builder
to contractor liaisons relationships
(in-yard or in-facility)

. bounding physical parameters for devel-
oping items.

Just completed study resulted in this ap-
proach to assess the feasibility of devel-
oping an analytical model for use in sel-
ecting an acquisition strategy. Probabi-
lity distributions of key parameters are
determined by comhining subjective assess—
ment with information contained in an his-
torical data base. From these, the ex-
pected result of pursuing a particular ac-
quisition strategy is assessed through
attributes addressing time, cost, afforda-
bility, technical risk, etc., together
with the uncertainties associated with
each. Tradeoffs among the varying attri-
butes are accomplished by developing a
multiattribute utility model tailored to
reflect the needs and constraints of a
particular program.

Risk analysis program which is a basic
Monte Carlo simulation model with input
distributions from uniform to Weibull.
Utilizes methods/techniques as established
by the federal government in such docu-
ments as:

.OMBA~109

.DoDD 5000 Series
.USAF 7000 Series
.USAF ASCP 800-19

Also utilize parametric amalysis, C/SCSC

Apply project risk estimates as developed
from the company's experience in market-
ing, designing, manufacturing and adjust-
ing expected cash flows accordingly by
adjusting discount rate, or, 1f possible,
using certainty equivalent method of ad-
justing cash flows directly, so as not to
compound effect of risk adjusted discount
rate. Expected net present values of
cash flows determines desirability of pro-
ject under projected risk.

Methodology involves use of Award Fee
Type incentive for fixed price follow-
ship contracts in order to encourage con-
tractors to finish contracts on time,
with high quality, within cost goals.

A performance Measurement System is used
based on the use of earned value of work
performed. The system uses a computer
data base developed by each using organi-
zation and program. The data is evalua-
ted for schedule and cost variances for
current and ITD periods of performance
and at completion variance.

In April 1976, the Office of Management



and Budget issued OMB Circular A-109 for
the acquisition of major systems. The cir-
cular required that each federal agancy
adopt new procedures for early and complete
evaluation of alternatives identified
through the competitive process. One of
the key objectives of the Circular is mana-
ging risk and uncertainty so that it re-
mains within tolerable levels. This ob-
jective is met in several ways. First,

in the development of an acquisition stra-
tegy, the project manager must recognize
and make accommodations for risk and un~-
certainty that assures the proper relation-
ship of risk sharing between Government

and Contractors and establish a management
system for identifying, analyzing, and
evaluating risk throughout the acquisition
process. Secondly, A-109 employs the use
of short-term parallel contracts to fur-
ther explore proposed alternatives and
reduce the technical uncertainties. Dur-
ing contract performance emphasis 1is pla~
ced on the measures taken to progressively
reduce risks. Finally, throughout the re-
mainder of the process the head of the a-
gency must assure himself that the risks
have been evaluated and accommodated be-
fore approving the continuation of the
acquisition at the key decisions points-—-
selection cf alternatives and approval to
advance to test/demonstration, commitment
to full-scale development, and commitment
to full production, as appropriate.

Within GSA this A-109 approach is applied
to major public huildings and ADP/Tele-
communication system acquisitions whose
estimated value is $25 million or greater.
Specific guidance for the acquisition of
each type of acquisition has, or is, in
he process of being developed.
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ABSTRACT

This paper addresses the results of a survey
of the available sources of information con-
cerning the behavioral aspects of decision-
making, uncertainty, and risk analysis in the
Department of Defense {DoD) acquisition pro-
cess. The authors were able to determine that
very little information exists that directly
addresses small group behavior as related to
the subject, that there is disagreement con-
cerning cptimizing group performance, and that
better risk analysis data could be obtained if
the group members were adequately trained and
held responsible for the group decisions.

INTRODUCTION

There is a great deal of uncertainty assoc-
iated with each stage of the acquisition pro-
cess within the DoD. This uncertainty exists
primarily in the areas of cost, schedule, and
performance. Inability to successfully fore-
cast in these areas has led to sometimes
severe criticism of the acquisition process,
in many cases creating adverse public opinion
and a negative effect on U.S. defense capabil-
ities. Current DoD policy requires that these
uncertainties be continually considered
throughout all phases of the acquisition pro-
cess and that risks be minimized before a
production decision is made. Department of
Defense Directive (DODD) 5000.2 states "The
program manager shall take positive action to
continually assess program risgk areas and to
make or propose trade-offs in performance,
cost and schedule to achieve the best bal-
ance." Also, "Contract type shall be consis-
tent with the system program characteristics
and shall give particular emphasis to the
issues of risk and uncertainty to the con-
tractor and government.” The uncertainties
involving the technological unknowns associ-
ated with the weapons system acquisition pro-
cess require the manager to face more risk in
his decision-making than exists in other areas
of management.

It is appropriate at this point to define risk
as it is used in relation to the acquisition
process. It is "The probability that a
planned event will not be attained within con-
straints (cost, schedule, performance) by
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following a specified course of action." [1]

Much work has been done and continues to be
done in the area of development of tools for
assessing risk and for performing risk analy-
sis. However, there is another very important
aspect of decision-making under conditions of
risk and uncertainty: the behavioral aspects
associated with the decision-maker and his
staff in the decision-making process under
conditions of risk and uncertainty. Concern
over this aspect led the Air Force Business
Management Research Center to contract with
the University of Dayton to conduct a penetra-
tion study in this area.

STUDY RESULTS

The objective of this study was to conduct a
survey of the available sources of information
in order to identify sources of knowledge and
information about the behavioral aspects of
decision~making, uncertainty, and risk analy-
sis in the Department of Defense acquisition
process. Throughout the survey, an effort was
attempted to emphasize those topics and
sources that can be directly related to the
risk analysis and decision framework of the
weapons system acquisition process as defined
in DODD 5000.1 and DODD 5000.2. 1In addition,
the study concentrated specifically on those
topics and sources of information that address
individual and small group behavior in the un-
certain decision environment.

As a result of this contract effort, the study
team also developed a catalog of sources of
knowledge and information for use by acquisi-
tion managers and their staffs to improve their
understanding of individual and small group
behavior in the uncertain decision environment.
This catalog is included as a part of the con-
tract and addresses, in alphabetical order by
author and/or topic, those articles that may
be of interest to acguisition managers. In
each case, in addition to the title, author,
and source of the document, a complete
abstract is provided in the catalog.

The contractor utilized the Defense Technical
Information Center and the DIALOG Information




Retrieval Service from Lockheed Information
Systems to provide listings and abstracts of
appropriate documents. Key words used by the
study team included risk, risk analysis,
decision~-making, uncertainty, small group
behavior, group decision-making, etc., as
entering arguments into the data bases. The
remainder of this paper considers some of the
more important observations derived from the
literature review.

It was determined that in almost all cases in
the weapons system acguisition process the
opinion of experts based upon their experience
is critical to the measurement of risk and
uncertainty. These factors of risk and uncer-
tainty as measured by expert opinion contri-
bute to the subjective probability that an
event will occur with a specific probability.
Several authors were quite concerned with the
reliability of so-called expert 'testimony'.
Several others were very concerned about the
ability to determine the relative accuracy of
these estimates and none were able to suggest
methods of determining the adeguacy of the
expert opinion. In fact, H. M. Parsons con-
cluded that the reliance on system designers
for the opinion and preferences of experts is
foolhardy. Such experts may provide suggestive
leads but are not reliable guides as demon-
strated by repeated disagreement with objective
data. 1In several technologies, the aggregated
group opinion or concensus is used as the value
to be entered in the risk analysis model. It
is questionable whether cr not this group
response can be aggregated in a meaningful
manner. There is no way to evaluate the
regated group response. This creates some
serious difficulties because generally group
opinions are used as entering arguments in

risk analysis models. There is evidence that
cxternal pressure to conform to the popular or
top-level management preferences or a desire to
avoid rocking the boat may seriously affect the
group decision-making process. The impact of
the leader upon the group was discussed by
several authors and was generally agreed upon
to be one of the most serious difficulties in
evaluating the parameters for the risk assess-
ment models. Another area that impacts on the
accuracy of the subjective probabilities is

the accountability of the participants. It was
suggested that lacking accountability, a par-
ticipant cannot blame nameless others for any
findings he does not like. Several authors
conclude that valid technigues to collect sub-
jective judgments are neither available nor

are they likely to be developed in the immedi-
ate future. Several also mentioned that at

the present time a complete, well-documented,
real-life case study of a major development
program is still very much needed to bridge

the credibility gap between practice and

theory in the area of risk analysis.

agg-

There is even difficulty in developing subjec-
tive judgments within the contractor organiza-
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tions. The contractor may have difficulty in
getting his own experts to accurately transmit
their perceptions upward to their superiors,
if they perceive these values to be 'out-of-
line'. If it is difficult for the contractor
to develop subjective probabilities, it
becomes impossible for the system program
office who is responsible for the overall per-
formance to evaluate the validity of these sub-
jective probabilities. As time passes in the
weapons acquisition process, there is indica-
tion that, should the contractor performance
be below what is expected, the contractor may
show great reluctance to provide unfavorable
information to the system program office,
especially in the situation like the A-10
where a company's virtual survival as a prime
contractor may depend upon an impending pro-
duction decision. Given that the data from
the contractor is subject to wide variability
--depending upon the level of expertise, the
background in decision analysis, the back-
ground of the so-called experts in probability
theory, the management philosophy of the com-
pany, and the importance of the contract=--it
is unlikely that the system program office
would receive from the contractor highly
credible data. 1If unacceptable data is
received from the contractor, it is extremely
difficult for the system program office to
develop acceptable estimates for the risk
analysis programs.

Presently, the decision-making systems or risk
analysis programs are designed for the user
and this would include, of course, the con-
tractor and the system program office personnel
rather than for the task at hand. Several
authors indicate that it might be more cost-
effective to develop specific risk analysis
programs for specific programs based on the
relative experience of the personnel at the
contractor office, the system program office,
and at the decision-making level.

Regardless of the sophistication, elaboration,
or expertise of the scientists and engineers
who are providing the scientific data that is
entered into the risk analysis models, there
is no indication at the present time that the
modeling technigues are capable of handling
irrational acts either by man or by nature.
For instance, to have predicted that the
United States would currently have 52 persons
hostage in Iran, a friendly country only two
years ago, is a problem that would probably not
have been modeled two years ago. Pending Con-
gressional findings, alterations that may delay
production as much as 12 months with the asso-
ciated rise in cost are difficult if not
impossible to model in an objective manner.
These particular difficulties have led many to
believe that would be foolhardy to expect

a valid risk analysis for every major program
and therefore at the present time there are
indications that in order to comply with the
Department of Defense requirements many pro-



gram offices are merely giving risk analysis
formal 1lip service.

Many authors were concerned about having
experts assign particular values in the risk
models when the personnel who were assigning
these particular values had no particular
stake in the results. Similarly, they were
concerned with the values that would be uti-
lized by those whose very jobs and/or careers
could be significantly affected by the deci~
sion concerning a particular weapons system.
In the area of weapons acquisition, specifi-
cally, there was a great amount of data that
indicated that the experts were constantly
overly optimistic.

In the area of small group behavior, it is
interesting to note that a decision made by a
particular group at a particular time on a
particular subject could be altered at a later
time on a similar subject. There appears to
be a number of outside, interactive forces
that can impact upon the decision arrived at
by a single group. As far as group decisions,
it is generally conceded that group decisions
are better than individual decisions. This is
based primarily on the group dynamics and the
interaction of the participants within the
group. Additional data supports the synergism
of group dynamics. Several authors show how
to improve this synergism and almost all agree
that the groups are more risky than the indi~
viduals. However, there are presently no for-
mal screening or evaluation procedures or com-
puter programs that can evaluate the decisions
made by the individual groups. In developing
group solutions, there is a great dependence
upon the group members asking the right ques-
tions and then being able to answer these
questions in a scientific manner. Again,
given the fact that the right questions are
asked and the right answers are given, there
is difficulty in measuring the effectiveness
of these particular numbers as applied to the
risk analysis process. There are indications
that individual group members may concern them=-
selves more with reaching concensus than with
the quality of the agreed judgment. Various
factors--such as individual dominance through
personality characteristics or rank or posi-
tion within the organization--may influence
the judgment of the individuals in the group
and therefore the group concensus. This is
particularly of interest since the individual
characters in the drama are irrelevant to the
task and/or the evaluations or numbers that
are to be provided for the risk analysis. The
researchers investigated several behavioral
interaction techniques including the Delphi
method, the nominal group technique, the modi-
fied nominal group technique, the concensus
technigue, and the no interaction technique.
Authors differ as to which provides the best
group solutions. Some favor the Delphi method
and some the nominal group technique. In order
to improve the group concensus~~and here when

we speak of the group concensus, we are talk-
ing about a group of experts--it was suggested
that possibly the training of these experts in
probabilistic thinking could lead to signifi-
cant improvement in their guantification of
uncertainty. One author seemed to indicate
that interaction tends to increase the cer-
tainty of the group, decreases the calibration,
and decreases disagreement among group members.
However, in many instances, simple averaging
of individual assessments without any group
interaction may be the most desirable, simply
because it is the easiest to use.

CONCLUSION

The authors were able to determine that there
was very little information that directly
addressed the small group behavior in uncertain
decision environments such as the acquisition
process. There was great disagreement among
experts concerning the validity of the differ-
ent group dynamics processes. All generally
agreed that better data for risk analysis
models could be obtained if personnel could be
trained in probabilistic methods and would be
held responsible for the decisions that
resulted from the output of the group analysis.
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AN EVALUATION OF THE DEFINITION, CLASSIFICATION AND
STRUCTURE OF PROCUREMENT RESEARCH IN THE DOD

by Colonel Martin D. Martin, Major Gerald R.J. Heuer,
Captain John C. Kingston, and Captain Eddie L. Williams

INTRODUCTION

Extensive research has been accomplished in
the name of procurement research over the
past few years but no definitive, de-
limited concept has evolved as to what
constitutes procurement research (15). A
review of the early Department of Defense
(DOD) Procurement Symposia "Proceedings"
indicated that professionals in the field
of procurement called for a definition of
the term "Procurement Research" as well
as the classification of its character-
istics into a model to provide more
efficient use of resources. The need
existed to clearly define procurement
research and to classify its character-
istics into a useable conceptual model.
Consequently, a study was initiated at
the Air Force Institute of Technology

to accomplish these goals (4).

Research has been viewed by many in the
field as a key to alleviating both exis-
ting and future procurement problems {2:1).
Senator Stennis, Chairman of the Senate
Committee on Armed Services, and Congress-
man Price, Chairman of the House Com-
mittee on Armed Services, reiterated

this widely held belief in a joint let-
ter to Former Defense Secretary Schies-
inger:

"We recognize the value and importance of
procurement research as a means of improv-
ing the procurement process-one of the
most crucial tasks in Government (10)."

Even though there is a general consensus as
to the importance and possible impact of
research on the procurement process,
procurement research as a discipline has
not been clearly defined in existing
literature and practice. Also, there is
lTittle agreement among the agencies per-
forming this research as to what consti-
tutes procurement research {1:2). There
have been several indications as to a
possible scope for procurement research;
for example, J.M. Malloy, then Deputy
Assistant Secretary of Defense for Pro-
curement, described procurement research
as essentially "a systematic approach"
that follows the scientific method (8:215).
However, there has not been a concerted
effort to adequately describe what should
be included. The result has been that
research efforts are categorized as

both tentative and diffuse (11:4).

Robert Judson, then Deputy Director of
Commission Studies, Commission on Gov-
ernment Procurement (COGP), stated that
procurement research's
", . .first order of priority . . .is to
construct . . .a model .so that we can
share a consensus on procurement problems,
.a comprehensive studious critical
conceptual model for the acquisition
process that will give us insights we do
not now posses that will help us identify
what we don't know (6:93)."

The importance of procurement research and
the necessity of defining its role in
government acquisition was reaffirmed in
an interview with Robert F. Trimble, then
Assistant Administrator, Office of

Federal Procurement Policy (OFPP) for Con-
tract Administration. He discussed pro-
curement research as follows:

"I've long had an interest in procurement
research. I think that it (an attempt to
define and classify procurement research)
is one that is particularly important be-
cause I have seen a considerable amount
of confusion regarding what constitutes
procurement research, [ believe that
this matter needs to be clarified so that
we can more efficiently utilize the man-
power resources that we have in this
particular area (15)."

BACKGROUND

In the past, specific areas in procurement
research have not been clearly delimited,
thus, a historical background must con-
centrate on the procurement organizations
which have developed during the past
twenty-five years. The evolution of
procurement research has been character-
ized by changes in organization and pro-
cedures. Research, per se, has not been
emphasized; rather, the emphasis has been
on the changes in DOD and Air Force
procurement organization which resulted
from the need for better procurement
methods. The lack of a clear definition
of just what procurement research includes
made this approach necessary.

In the 1950's, various attempts were made
to have money through reorganizing and
centralizaing purchases of common items.
The mertia of old techniques was slow to
yield to change; moreover each military
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service was "isolated" from the others as
far as procurement methods. In the 1960's,
some efforts were made to exchange pro-
curement information and to evaluate
decision-making during the acquisition pro-
cess. New approaches were being utilized
to improve the management information flow.
In the 1970's, many changes occured in the
formal acquisition process. After many
long years of inefficiency and redundancy,
the national procurement policy, education,
and research are becoming centralized and
coordinated under the Federal Acquisition
Institute (FAI).

Mr. Robert Judson, then Deputy Director,
Commission Studies, Commission on Govern-
ment Procurement (COGP), in an address to
the second DOD Procurement Symposium in
1973 made a challenge to the procurement
profession. He said:

"You, gentiemen, have a golden opportunity
to redirect procurement research to achieve
new goals of excellence., First let's do
our research on the problems of research
before we 1ose the chance to make pro-
curement what we want it to be (6.99)"

This challenge was re-emphasized by Dr.
John J. Bennett, then Acting Assistant
Secretary of Defense (Installations and
Logistics) in the Defense Management
Journal, July 1975:

"Procurement research is not yet a house-
hold phrase in the Department of Defense...
It needs a great deal of attention from
management and those people actually en-
gaged in procurement projects (2:1)"

In summary, the important events in the
evolution of procurement research start
with the Second Hoover Commission in 1953
and continue up to the present time. Key
events in procurement reorganization in the
1960's include the reorganization of Air
Force Systems Command and Air Force Logis-
tics Command, the Hershey Procurement
Pricing Conference, the establishment of
the Army Procurement Research Office, and
the Commission on Government Procurement.
The significant events (thus far) during
the 1970's inciude the six DOD Procurement
Symposia, the establishment of the Air
Force Business Research Management Center,
the addition of a Graduate Procurement cur-
riculum to the Air Force Institute of
Technology, School of Systems and Logis-
tics, and a Systems Acquisition Management
curriculum to the Naval Postgraduate
School, the establishment of the Office

of Federal Procurement Policy, and the
founding of the Federal Acquisition In-
stitute.

BASIC STUDY OBJECTIVES

The following research objectives of the
study are germane:

1. To define procurement research so that
a common foundation can be used when
discussing this subject.

2. To classify procurement research efforts
and functions into various areas and to
identify those areas that are most fre-
quently investigated.

3. From these classifications, to suggest
a detailed algorithm'which can be used for
deciding if an effort is procurement
research.

METHODOLOGY

A literature review was initiated. It
disclosed an increasing interest in the
area of procurement research and in de-
fining procurement research, but no
suggestions were made as to how this
specific area of research should be defined
or how it should be classified from a
taxonomical standpoint. A search dis-
closed that content analysis provided a
rigorously subjective technique for group-
ing various procurement efforts: by divi-
sion of scientific study, by breadth of
application, by degree of control, by
Tevel of outcome, by Tevel of effort, and
by placement in the acquisition and
procurement processes? Through a system
of summarizing and categorizing, these
various groups were used to suggest a
definition for procurement research.

The basic research design was divided into
five areas:

1. Classifying procurement research efforts
and functions into categories and sub-
categories.

2. Identifying the areas of procurement
research that were mostly frequently

* investigated.

3. Defining procurement research in terms
of characteristics which were evidenced

in the study.

4. Suggesting a taxonomy of procurement
research.

5. Designing a procurement research
algorithm for evaluating research.

The first three areas of the research
design were planned to answer the first
and second research objectives. The
fourth and fifth design areas were planned
to answer the second and third objectives.

The first design area was planned to iden-
tify specific scientific and research
characteristics of procurement research as
evidenced in the "Proceedings”. Through
content analysis, the articles of the
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The results of the content analysis are
limited to the actual sub-popujation itself,
but the sub-population of the "Proceedings"
represents an important cross-section of
recent DOD procurement research experience.
Information derived from the analysis of
this sub-population can suggest important
characteristics and relationships of

other procurement research efforts.

The areas of emphasis in the procurement
research of the "Proceedings" were iden-
tified in the content analysis. Procurement
research was characterized as a social

science with abstract science combined

more often than not. Its structure is
delimited in Figure 1. Efforts were

primarily applied to solving problems.

The research was primarily accomplished
through a selected aggregation of information
(Tibrary) and the level of outcome was des-
criptive. In the sub-population, the level of
effort was primarily a professional paper/re-
search monograph. The relationship of procure-
ment research with the acquisition process or
were not concerned with acquisition process at
all. Emphasis in the procurement process was
primarily in the pre-award phase with many
articles dealing with more than one phase.

The definition of procurement research and the
classification of the characteristics of pro-
curement research were combined with the in-
formation from the literature review to de-
velop the taxonomy. The emphasis for the tax-
onomy has been to cover all possible areas of
procurement research as suggested by various
information sources. (See page 82)

The procurement process is the foundation upon
which procurement research is based (see fig-
ure 2). Procurement research can involve both
the procurement and acquisition processes and
their interrelationship. Therefore, to con-
struct a taxonomy of procurement research fo-
cusing primarily on the procurement process, it
was necessary to build a model of this process.
Since procurement research. is concerned with
the procurement process and the procurement
process as an integral part of the acquisition
process, a taxonomy of the procurement pro-
cess can serve as a foundation for a taxonomy
of procurement research. The areas and issues
pertaining to these processes, therefore, also
‘pertain to procurement research. These areas
and issues, as related to the procurement pro-
cess were the focal point of this research and
the descriptors of the research taxonomy. ¢«
Content analysis provided the general charac-
teristics of procurement research and a par-
tial structure of the procurement processes.
However, to complete the taxonomy of the pro-
cess, it was necessary to conduct interviews
and make literature reviews.

The taxonomy was constructed to display
five Tevels of the procurement process.
The first Tevel is the procurement
process. The second level is the three
phases (Pre-Award, Award, and Post-
Award). The third level is comprised of
the cycles that make up each of the
phases. The fourth level is a continuum
of events (Procurement Continuum) that
describes the necessary actions pertinent
to the life of a "Procurement”. The fifth
level, the lowest level presented, is
composed of a number of issues related to
each of the events. (See Figure 3 page 83)

The research effort was adjusted as the
researchers discovered new information
that impacted the definition and the tax-
onomy. The taxonomy developed by the
researchers is outlined in Figure 4.
Lastly, an algorithm was developed (See
Figure 5) which followed the format of a
decision flow chart with eight decision
points, all of which (except one) must
be answered with an affirmative response
before an effort can be considered
procurement research. These eight
decision points are as follows:

1. Is the effort concerned with satis-
fying a perceived DOD need? Is the effort
attempting to solve a problem, provide
insight into an issue, or describe a

(See pages 84 - 8 )

problem with the DOD? If it is not, it
should be considered for further research.

2. Is the research effort concerned with
the acquisition process? If the answer
to this is negative, a second question

is asked, "Is the research concerned

with the procurement process?”" (See
Figure 4 and Table 3.) If the answer to
this is positive, the effort is retained
for further analysis.

3. Is the research concerned with the
procurement process? Here, the efforts
Judged affirmatively, using question 2,
are analyzed according to the procurement
taxonomy and questions set forth in

Table 3.

4. Does the effort suggest a method for
improving the knowledge associated with
the procurement process? Three general
questions can be asked of the research
effort.
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1D.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21,

22.
23.

TABLE 3

CRITERIA FOR DETERMINING WHETHER A RESEARCH
EFFORT IS PROCUREMENT RELATED

IS IT CONCERNED WITH ISSUES PERVASIVE TO THE PROCUREMENT PROCESS
(PROCUREMENT EHICS, CONTRACT MANAGEMENT, TRAINING, ORGANIZATION)?

IS IT RELATED TO REQUIREMENTS DETERMINATION?

IS
IS
15
IS
IS
IS
IS
IS
IS
IS
IS
IS
15
IS
IS
IS
IS
15
IS

IT
IT
1T
IT
IT
IT
1T
1T
IT
1T
IT
IT
IT
IT
IT

CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
RELATED TO THE
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
RELATED TO THE
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH

REQUIREMENTS SPECIFICATION?

PR ISSUANCE?

OTHER ASPECTS OF THE REQUIREMENTS CYCLE?
RECEIPT OF A PR?

PRE-SOCICITATION REVIEW?

FORMAL SOLICITATION ISSUANCE?

OTHER ASPECTS OF THE PP/MIPR CYCLE?

THE RECEIPT OF RESPONSES TO SOLICITATION?
TECHNICAL EVALUATION OF RESPONSES?
PROPOSAL AUDITS?

COST ANALYSIS/PRICE ANALYSIS?
PRE-NEGOTIATION ISSUES?

CONTRACT NEGOTIATION?

CONTRACTOR SELECTION?

OTHER ASPECTS OF THE SOLICITATION/EVALUATION CYCLE?

IT CONCERNED WITH SOME ASPECT OF THE PRE-AWARD PHASE?

IT
IT
IT

CONCERNED WITH
CONCERNED WITH
CONCERNED WITH

AND FINAL SIGNATURE?

IS IT CONCERNED WITH

CONTRACT FUNDING?
CONTRACT WRITING?
THE REVIEW OF A CONTRACT PRIOR TO ANNOUNCEMENT

AWARD ANNOUNCEMENT PROCEDURES?

IS IT CONCERNED WITH CONTRACT DISTRIBUTION PROCEDURES?
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24, IS

IT

25, IS IT
26. 1S IT
27. IS IT
28, IS IT
29, IS IT
30, IS IT
31, IS IT
32, IS IT
33. IS IT
38, IS IT
3. ISIT
36. ISIT

CYCLE
37. IS IT

CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH
CONCERNED WITH

OTHER ISSUES OF THE AWARD CYCLE OR AWARD PHASE?
THE ASSIGNMENT OF THE CONTRACT FOR ADMINISTRATION?
CONTRACT SYSTEM COMPLIANCE?

PERFORMANCE MEASUREMENT OF THE CONTRACTOR?
QUALITY ASSURANCE/PRODUCT ACCEPTANCE?

CONTRACT MODIFICATIONS?

PRODUCT DELIVERY?

CONTRACTOR PAYMENT?

CONTRACT WARRANTIES?

CONTRACT DISPUTES?

REMEDIES RESULTING FROM CONTRACT DISPUTES?
CONTRACT COMPLETION AND CLOSE-QUT?

ANY OTHER ISSUES OF THE CONTRACT ADMINISTRATION

OR THE POST-AWARD PHASE?

CONCERNED WITH

POST CONTRACT ISSUES SUCH AS RENEGOTIATION?

IF THE ANSWER TO ANY OF THE ABOVE QUESTIONS IS "YES", THEN THE EFFORT IS
RELATED TO PROCUREMENT.



of the symposia "Proceedings" have been
classified into various categories and
sub-categories of characteristics. These
scientific and research characteristics
have been correlated with areas of the
procurement and acquisition process.

To satisfy the first and second objec-
tives, the methodological approach of
semantic content analysis was adopted.
From the universe of research, the popu-
lation called procurement research was
chosen. This population was further
narrowed to the sub-population of
procurement research as reported in the
"Proceedings" of the five DOD Procure-
ment Research Symposia.® The analysis
consisted of a census of the total sub-
population of articles in these "Pro-
ceedings”.

To validate the coding, a pilot study

was accomplished. To enhance the re-
liability of the research effort, a
“target" reliability percentage of 90%

was achieved during the pilot study.
Additionally, during the analysis, random
samples of articles coded by one resear-
cher were recoded by a second researcher
to insure consistent and standard results.

After coding the data for each "Pro-
ceedings”, a relative frequency count of
occurrences under each digit code was
tabulated. Each digit in the seven-

digit code represented a category of
science, research, the acquisition
process, or the procurement process. The
first digit was coded to show the division
of science used in the research. The
second digit was coded to show the breadth
of application of the research tech-
niques used. The third digit was coded

to identify the amount of control used

by the researcher and where the research
was conducted. The fourth digit was .
coded to determine the level of outcome
of the. research effort, what could be

said about the area studied, did it
describe a situation, or could a model

be developed to predict future events?

The fifth digit was coded to indicate

the Tevel of effort used in the research,
i.e., the amount of time and depth of
effort necessary to accomplish the re-
search. The sixth and seventh digits
were coded to indicate the phases of

the acquisition and procurement proces-
ses with which the research was concerned.

In the second design area, the results of
the content analysis were combined into
relative frequency distributions. Each
sub-category was analyzed to determine
those areas of procurement research which
were most frequently investigated and which

IS T W e e e R g [y S e

were most prevalent in the population.

The third research design area, defining ’,
procurement research in terms of charac-

teristics evidenced in the study, was

addressed using the tabulated data. The

characteristics of research and science

derived from content analysis were com- +*
bined with information obtained from *
literature reviews and personal inter-

views to develop a tentative conceptual

definition of procurement research.

The fourth area of research design was
planned to classify procurement research
efforts into various areas, as stated in
the second objective, and to suggest a
detailed procurement taxonomy. Infor-
mation for this area was gathered from
existing literature and personal inter-
views (7, 9, 12, and 13).

In the fifth research design area, the
designing of a detailed algorithm was
envisioned to meet the third objective.
This algorithm could be employed in de-
termining whether an effort within DOD

is related to procurement and whether it
is research. The algorithm was derived
from information gained from the content
analysis, Titerature reviews and personal
interviews as noted in the aforementioned
paragraph.

FINDINGS

Data from the content analysis of the
"Proceedings" have been tabulated, and
a taxonomy and algorithm have been
developed. The results of the content
analysis, which are listed in Table 1,
showed the following primary areas of
emphasis as related to the selected
criteria.

(See page q1 )

CONCLUSIONS

The results of the research suggested the pi
following definition of procurement
research:

Procurement research (and acquisition
research) is an applied science using

the characteristics of the social
sciences in combination with mathematical
sciences to solve procurement problems.
It tends to rely heavily on the use of
previously gathered data to seek solutions
to problems, equally dividing its efforts
between the acquisition process, emphasis
is on the pre-award phase in an effort

to identify cost-related problems.
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TABLE 1 - SUMMARY OF FINDINGS

1. DIVISION OF SCIENCE: SOCIAL (46%)
ABSTRACT/SOCIAL COMBINED (47%)

2. BREADTH OF APPLICATION: APPLIED {62%)
3. DEGREE OF CONTROL: LIBRARY (543%)
4. LEVEL OF OUTCOME: DESCRIPTIVE (55%)
5. LEVEL OF EFFORT: PROFESSIONAL PAPER/RESEARCH MONOGRAPH (68%)
6. PHASE OF THE ACQUISITION PROCESS:

MORE THAN ONE PHASE (68%)

NOT CONCERNED WITH THE ACQUISITION PROCESS (47%)
7. PHASE OF THE PROCUREMENT PROCESS

PRE-AWARD (47%)

MORE THAN ONE PHASE (33%)

As corollary information to the content analysis, the researchers

noted the source of each article. Of the one hundred fourteen (114)
articles, the source distribution is recorded in Table 2.

TABLE 2 - ARTICLE SOURCE DISTRIBUTION

AGENCY NUMBER PERCENTAGE
DOD 9 8%
ARMY 19 17%
NAVY 14 12%

AIR FORCE 39 34%
NON DOD
Federal Agencies 11 10%
Private Business/
Universities 22 19%

The initial taxonomy was divided into five levels of procurement
research. Each level subdivided the previous level into more specific
areas where procurement research can be identified.

a7



a. Does it increase the uncertainty of the
procurement process?

b. Will the suggested results of the
research effort provide more knowledge of
the procurement process, knowledge of an
area that has not been investigated before?

c. Does the effort clarify events, areas,
or issues in the process?

5. Does the effort address an identified
requirement? Before passing judgement on
the effort, a review by relevant procurement
personnel should be obtained to establish
the validity of the undertaking. If Jjudged
negatively, the effort should be discarded
or held for later evaluation. If judged
affirmatively, the effort passes on to the
next algorithm question.

6. Does the effort suggest a solution or
make observations that can ultimately
improve the procurement process? An effort
that is classified as procurement research
should be directed toward the improvement
of the procurement process.

The key to this decision point in the
algorithmis that the research effort con-
tributes to the improvement of the procure-
ment process either through a solution to an
existing problem or through observations
that may lead to the understanding and
solutions to future problems.

7. Does the effort suggest a practical
plan for implementation or utilization of
the perceived results? An effort may be
directed at the ultimite improvement of
the procurement process. It may suggest a
solution to an existing problem or it may
be used as a “"stepping stone" to solutions
of future problems. However, if the effort
suggests using implementation/utilization
procedures and/or techniques that would

be impractical, the effort is suspect.

Application of this decision point requires
a word of caution. Implementation/utili-
zation plans suggested by some research
efforts may be deemed impractical now,
only to be proven practical at some future
point in time. This fact may require that
the final determination of whether some
research efforts are procurement research
needs to be deferred to a later date.

8. Does the effort have characteristics of
the scientific method? Determination of
whether the effort follows the scientific
method is made by either the research analyst
and/or the procurement manager subjecting

the effort to the series of gquestions

listed in Table 4. (If the effort is pro-
posed, questions (1-10) would be applicable

but if the effort was completed research,
all questions would be applicable.) If
negative answers were obtained, the
effort should be discarded, or returned
to the researcher for reclarification
and rework and then returned for further
analysis by the research approving
agency.

This algorithm suggests that a certain
level of effort be undertaken by the
researchers who proposes the study

prior to its submission to the approving
agency for acceptance. Resources avail-
able to the procurement research community
are necessarily limited and need to be
applied only to pertinent research
proposals. Time and funds cannot be i11-
spent on poorly defined research proposals
that return marginal results or have no
applicability to the procurement process.

WHAT PROCUREMENT RESEARCH SHOULD BE .

The previously discussed research efforts
concentrated on what procurement research
is and has been during the past few
years. From exposure to the information
that was reviewed in this effort, the
research team gained an insight intc
procurement research and herein suggest
what procurement research should be:

1. It should concern the acquisition or
procurement processes. Research accom-
plished by procurement researchers that

(See page 93)

does not involve the procurement or
acquisition processes makes an inefficient
use of 1imited resources.

2. Procurement research should seek
solutions to procurement problems. Pro-
curement research should be applied
research; it should be concerned with
seeking solutions to problems faced by
procurement managers and personnel.

3. Procurement research should be cost
effective. Procurement researchers
should concern themselves with a cost
analysis of their own work. If the
research can be performed at a lower cost
external to the originating research
agency, then the effort should be accom-
plished externally.

4. Procurement research should follow the
scientific method. The "Proceedings"
indicated that procurement research did
follow the scientific method in its
approach to problem solving. Future
research should use the same procedures/
techniques.
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10.
1.
12.
13.
14.

SCIENTIFIC METHOD QUESTIONS LIST

Does it define the problem?
Does the effort survey existing pertinent literature?

Has the researcher evaluated past studies for applicability to his
effort?

Does the effort build on previously developed knowledge?

Is the scope defined and specified? And are the specified objectives
to be met Tisted?

Does the effort suggest the testing of a hypothesis or the answering
of a research question?

Is there a specified plan?

Does the effort list assumptions/Timitations?

Is the methodology Togical and appropriate for the objectives specified?
Does the effort gather data and/or facts?

Are the data valid and reliable?

Does the effort report describe predict or explain?

Do conclusions logically flow from the data?

Can the effort be replicated to achieve consistent results?
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5. Procurement research should be unbfased.
Procurement research should report true
findings, not "channel" results to suit

the researchers. The researchers should
apply rigorous subjectivity to his re-
search and remain unbiased in his analysis.

6. Procurement research should make use
of the best analytical methods. Poor
research techniques waste resources and
provide weak solutions to problems

that may require strong remedies. A
careful, thorough evaluation of a pro-
curement research problem can suggest
the best analytical method to use in

the effort.

7. Procurement research should be
original and not redundant. Prior to
doing research, procurement people should
review previous studies and ascertain
whether a new research effort is justi-
fied or whether the findings of a
previous study are sufficient.

8. Procurement research should be shared.
Central procurement information storage
facilities should be accessible to all
procurement research organizations, in-
ternal and external to the Government.
Results should be publicized, such as
those found in the "Proceedings". Only
through the sharing of information can

the redundancy be reduced and resources
saved.

9. Procurement research should be
simple, yet accomplish the task. Pro-
curement research should accomplish its
specific task in the most direct method
possible. It should not confuse the
problem~-solving methodology with tech-
niques designed to impress the requester
while hiding the path the researcher
used to seek his solution. The approach
used by the researcher should be "fair
and reasonable” to all parties.

COROLLARY OBSERVATIONS ON
PROCUREMENT RESEARCH

Experience gamed during the course of
this research may prove enlightening

to subsequent researchers. These obser-
vations are summarized as follows:

1. An increasing level of interest in
procurement was noted as a definite trend
during the past few years.

2. The annual DOD Procurement Research
Symposium offers an excellent means for
sharing procurement research information;
however, often other research efforts

and results are not sharad.

3. Procurement researchers generally do
not share their current progress or
projects.

4, Often the method or technique that
resulted from the research effort could
be applied to other problem situations,
but the research itself was done strict-
ly in response to one problem. General
research to improve the overall acqui-
sition and procurement processes was
lacking.

5. The present information retrieval
systems do not provide a totally acces-
sible system to the researcher.

These corollary observations would be
incomplete without some suggestions or
recommendations for improvement. Indi-
cation of a deficient area implies that
better methods are perceived for getting
the task done; the next section offers
recommendations for improving procure-
ment research.

RECOMMENDATIONS

Further studies must be made and current
methods must be changed in order for
procurement research to be improved. The
results and conclusions from this study
suggest starting for further studies and
alternatives courses of action for current
methods in procurement research. Eight
recommendations for further study and pro-
curement research improvement follow:

1. Add research studies with a longer range
perspective to present problem/response type
studies. The addition of some longer range
research in procurement may identify influen-
tial factors that are not evident in the
short-range, reactive approach.

2. Areas of procurement research effort,
significant research progress, and research
results should be shared with the procure-
ment community. The area of sharing infor-
mation on procurement research is essential
to the DOD procurement community. Further
research should be done:. (1) to research
the extent of the problem of how many com-
pleted procurement research studies do not
get into the DOD information retrieval
systems and to correct this deficiency in
information flow, and (2) to find a means
to identify current DOD procurement efforts
in progress and to publicize this information
on a regular basis.

3. The DOD should adopt the taxonomy deve-
loped in this research effort as a common
taxonomy of procurement reserach for use by
its agencies. A standardized taxonomy of
procurement research would allow researchers
from all DOD agencies to establish a common
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framework for communication. Not only would
researchers be on a common base, but procure-
ment people could understand research results
from other agencies and possible apply new
and better techniques to their own work. The
procurement research taxonomy presented in
this study could be a logical starting place
from which a common DOD taxonomy could be
expanded. Finally, a common taxonomy could
be used as a data base for assigning descrip-
tors to procurement research in a computerized
information system.

4. The procurement research taxonomy that is
suggested in this study should be critically
analyzed and expanded. The taxonomy is an
attempt at categorizing the procurement
process and the field of procurement research.
Through further study, this taxonomy could be
validated and expanded to include requirement:
definition and use as they impact upon pro-
curement,

5. Further algorithms for conducting pro-
curement research and for deciding whether to
research procurement problems should be con-
structed and used. During the construction
of the algorithm, the researchers had much
difficulty in establishing a perspective from
which to construct the algorithm. Procure-
ment research can be viewed in terms of a
given output or ongoing process, a method for
conducting the research, or a method for de-
ciding whether a porcurement problem should
be researched by an organization/individual.
Future efforts should research these two
areas to provide guidelines for conducting
the procurement research process and for
making the important decision of whether or
not to undertake a research effort.

6. A model for DLSIE {Defense Logistics
Systems Information Exchange) abstracts should
be developed so that key words would provide
ready relevant information. Research should
be done to develop a model for writing DLSIE
abstracts so that a content anlysis of an
abstract would determine key words, words
similar to the phases, cycles, events, and
issues of the taxonomy presented in Figure 4.
Procurement researchers could then identify
those studies relevant to their areas of
specific research from this content analysis
of the abstracts. .

7. A sequential analysis of procurement
research efforts should be performed. Hood
and Strayer (5) suggested that procurement
research, as a developing discipline, can be
portrayed as transitioning six development
phases in a sequential evolutionary process
from a new discipline to full maturation.

The significance of this evolutionary process
and its developmental phases is that each
phase differs in terms of the kinds of ques-
tions or issues addressed and types of
research activity conducted within each phase.

8. Research should be done to prioritize
those "issues" of the procurement research
taxonomy that offer the greatest opportunity
for cost savings and improvement. An analysis
at the "issue" level of the procurement re-
search taxonomy could identify those areas
that are costly to implement, difficult to
administer, and subject to frequent delay, as
well as those areas that offer the greatest
benefits to the DOD, the public, and industry.
A priority system of procurement research
issues would identify those areas that should
receive the most research emphasis. Limited
resources could be applied to "issues" from
the top down so that the most important areas
are researched first.

SUMMARY

The result of this effort is only the first
step toward defining and structuring procure-
ment research. It will be up to the procure-
ment community as to whether this initial
effort is accepted and used. This definition
and taxonomy offer a basis which researchers
can use to more closely define procurement
research and its relationship to the procure-
ment process, while the algorithm provides
the researcher or procurement manager with a
logical process to evaluate the research
effort as to its applicability to procurement.

Lastly, observations on "What Procurement
Research Should Be..." and recommendations
for further research were offered to the pro-
curement community as a means of accelerating
the evolutionary process of procurement re-
search.

FOOTNOTES

'A sequential decision making process or
model.

ZThese categories were adopted from the
Strayer-lockwood taxonomy. See reference 3
and 14 for further discussion.

*The research for this study was conducted
prior to the publication of the Sixth DOD
Procurement Research Symposium.
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AN APPLICATION OF RISK ANALYSIS - USES, PROBLEMS AND PITFALLS*

George H. Worm, Ph.D.
Clemson University
Clemson, SC 29631

ABSTRACT

The application of risk analysis by the Direc-
torate of Pricing under the Deputy for Procure-
ment and Manufacturing in the Aeronautical
Systems Division is discussed in this paper.

A method of analyzing FPIF contracts is pre-
sented along with guidelines for choosing share
ratios and ceilings. Problems and pitfalls
encountered during the implementation are dis-
cussed with several suggestions for future
modifications.

*This work was sponsored by the Air Force
Systems Command, the Air Force Office of Scien-
tific Research, and the Business Research Man-
agement Center.

INTRODUCTION

During the development and procurement phases
of acquiring a major defense weapon system,
many decisions must be made concerning its per-
formance, cost and scheduling. An important
aspect of this decision making process is the
analysis of uncertainty which exists. Common
approaches to analyzing uncertainty have in the
past focused on the decision maker's intuition,
on sensitivity analysis and on risk analysis.
The focus of this paper is the analysis of risk
inherent in the projection of cost involved in
a contract, The cost of a specific contract
and not the cost of the entire system acquisi-
tion is discussed here.

When the term risk analysis is used, three types
of risk are generally implied. These types are
technical risk, cost risk, and schedule risk.

In the study of a large weapon system, all of
these risks should be analyzed to determine
which alternatives should be chosen in order to
maximize the probability of having a successful
program. When a specific contract for a program
is being negotiated, the primary variable of
interest is the cost risk. Important to note,
however, is that the cost 1s not independent of
the amount of technical and schedule risk. The
technical and schedule risks are important fac-
tors in the estimation of the cost risk and
hence the cost which should be negotiated.

A price analyst in the Aeronautical Systems
Division (ASD) has the responsibility of deter-
mining and negotiating a fair and reasonable
cost and profit for a contract. Many of the
cost elements may be estimated with some degree

of certainty and will be referred to as non-
random. Examples of non-random cost include
negotiated overhead rates, wage rates and cer-
tain routine labor costs. Other cost elements
will not be known or identifiable with certain-
ty and will be referred to as random. The ran-
domness in the cost elements may be caused by
some factor affecting cost or may be totally
unexplainable. Causes of randomness in cost
elements include design, labor and material
uncertainties concerning costs and amounts.

The price analyst must still estimate the cost
and negotiate a price for the contract. The
purpose of this paper is to explain how risk
analysis 1s beilng used to reflect the extent

to which randomness affects total cost.

Random factors affecting cost are events which
the contractor cannot control and which are
known (or suspected) to impact one or more
elements of a cost of the contract. Risk
analysis is a procedure for analyzing how ran-
domness affects the total cost. An analyst
must identify the random, uncontrollable fac-
tors and assess the probability of different
events occurring. Then using risk analysis,
the distribution of the total cost is obtained.
Results of a risk analysis may be useful to a
price analyst in several ways. First, it will
help to show possible actual costs which might
occur and the probability that they will occur.
Second, it may help in determining the type of
contract to offer. Third, expected cost to
the government can be determined. And fourth,
actual cost can be bounded or given a range
over which it will most likely occur.

The remainder of this paper will discuss an
implementation of risk analysis by the Direc-
torate of Pricing under the Deputy for Pro-
curement and Manufacturing in the Aeronautical
Systems Division at Wright-Patterson AFB.
First, the objectives of the risk analysis

" study will be given with a brief description
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of the methods being used before this under-
taking, Second, a description of the system
implemented will be given. Finally, some of
the pitfalls and problems encountered will be
discussed along with planned modifications
that can be added to alleviate these problems.

OBJECTIVE FOR RISK ANALYSIS

As in any risk analysis, the primary goal is to
determine the distribution of the total cost of
a contract. In order to do this it 1is neces-
sary to combine information from numerous



sources including the contractor's proposal,
the PCO, DCAA, DCAS and (or) AFPRO. The risk
analysis discussed here was developed for the
price analyst whose responsibility it 1s to
analyze all of the above sources of informa-
tion and to negotiate a fair and reasonable
price. Before the negotiations start, an ini-
tial position and objective must be establish-
ed by the analyst summarizing all of the cost
subcomponents and the total price. Histori-
cally, target costs were established by sum—~
ming the most likely costs for each of the
cost subcomponents. The risk analyses per-
formed by the price analyst were achieved by
summing the extreme costs for each of the cost
subcomponent. These procedures give bad esti-
mates of both the most likely total cost (the
cost with the highest probability of occurring)
and the extreme value of total cost. This is
because the sum of most likely values of sub-
components generally is not the most likely
value of the total cost and the sum of extreme
values to estimate the extreme value of total
cost assumes uncertainty among subcomponents
1s perfectly correlated.

The constraints invoked for the development of
the risk analysis to be used by price analysts
were as given below.

1. The procedure must be simple and easily
performed.

2. The information needed should be readily
avallable to the price analyst.

3. The output should be easily understood.

4. The procedure should be adaptable to
most of the contracts under negotiation.

5. Computations should be quick and easily
made.

In order to make the procedure adaptable to
the contracts under negotiations a common cost
breakdown was needed. It was found that the
one common breakdown was that given by Form
DD633 to provide a standard format which con-
tractors submit to the government summarizing
incurred and estimated costs. This total cost
breakdown was into the categories or subcom-
ponents:

a) Material (MAT)

b) Material Overhead (MATOH)

c) Interdivision Transfer (IT)

d) Direct Engineering Labor (DEL)

e) Engineering Overhead (EOH)

f) Direct Manufacturing Labor (DML)

g) Manufacturing Overhead (MOH)

h) Other Costs (0OC), and

1) General and Administrative Expenses (GAE).
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In evaluation of a contract, each of these sub-
components are usually broken down further and
are commonly interrelated as shown below, where
Pl through P4 are specific percentage figures,
and Rl and R2 are specific wage rates. The *
is used to denote multiplication.

MAT = Estimated Material Cost

MATOH = P1* MAT + Estimated Independent
Material Overhead

IT = Estimated IT Cost
DEL = (Estimated Engineering Hours)* Rl
EOH

P2*DEL + Estimated Independent
Engineering Overhead

DML (Estimated Manufacturing Hours)*R2

MOH = P3*DML + Estimated Independent 2
Manufacturing Overhead

OC = Estimated Other Cost

SUBTOTAL = ST = MAT + MATOH + IT + DEL + EOH
+ DML + MOH + OC

GAE = P4*ST
TOTAL COST = TC = ST + GAE

The relationships above define a general cost
model for which eight estimates are needed to
determine the total cost. A form for organi-
zing the collection of data required for the
risk analysis 1s given in Form I. The esti-
mates requiring minimum, most likely, and maxi-
mum values must be supplied by the analyst.

For each of the cost categories, either the
cost ($) or hours must be estimated. The over-
head categories are divided into two parts,

the independent overhead cost and the overhead
rate. The independent overhead cost is a cost
which does not change when the direct cost
changes. Usually, the uncertainty in the in-
dependent overhead cost is due to future busi-
ness conditions. The independent overhead cost
is commonly allocated to the direct cost and
then lumped with the overhead rate. However,
it should be kept separate for a risk analysis.
The overhead rate should reflect those costs
which are directly proportional to the direct
cost. It 1s assumed here that this rate is
known with certainty. Using the Beta distri-
bution implicitly assumes that the possible
outcomes can be bounded in some finite range.
For mature systems, this 1s not an unreasonable
assumption.

The formula for the mean (expected) and vari-
ance are theoretically based on the properties
of the Beta distribution and have been widely
used in statistics, risk analysis and scheduling
(PERT). The formulas for estimating the Mean
and Variance for a Beta distribution are:

Mean = L + 4ML + H
and e 2
Variance =(H—L)
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where H = maximum, L = minimum and ML = most

likely. These calculations are actually ap-

proximations and are very good if the distri-
bution is not too severely skewed.

FORM I

ESTIMATES FOR RISK ANALYSIS

S
MOST

LIKELY MAXTMUM

ESTIMATE
SUBCOMPONENTS MINIMUM
MATERTAL COST
MATERTAL OVERHEAD INDEPENDENT
RATE FOR MATERIAL R
INTERDIV RNSERS cosT F
DIRECT ENGRG LABOR HOURS

WAGE RATE

Ju

NEGRG OVERHEAD INDEPENDENT [

RATE FOR ENGRG

DIRECT MFG LABOR HOURS |
WAGE RATE | ] R2
MFG OVERHEAD INDEPENDENT |
RATE FOR MFG | l P3
THER COSTS COST [

CSA EXPENSES

PERCENT OF SUBTOTAL

The risk analysis was the application of some
well known statistical analysis to the cost
model described above. The statistical analy-
sis approach is useful in the handling of con-
tinuous distribution problems.

The statistical concept used in this paper

is one which states that the sum of indepen-
dent random variables will be approximately
normally distributed with a mean equal to the
sum of the individual means and variance equal
to the sum of the individual variances.

If we rewrite our total cost model, we can get
it into the form needed. That is:

TC = {(1+P1)*V1 + V2 + V4*(RL + R1*P2) + V6*
(R2 + R2*P3) + V5 + V3 + V7 + V8}*(1+P4)

where V1 = Material Cost
V2 = Independent Material Overhead
V3 = IT Cost
V4 = Engineering Hours
V5 = Independent Engineering Overhead
V6 = Manufacturing Hours
V7 = Independent Manufacturing Overhead

v8 Other Costs
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Using the notation E(V1) to represent the mean
of variable V1 and Var (V1) to denote the
variance of V1, the mean E(TC), and variance,
Var (TC), of the total cost are:

E(TC) = {(1+P1)*E(V1) + E(V2) + E(V4)*(R1+R1*P2)
+ E(V6)*(R2+R2*P3) + E(V5) + E(V7) +
E(V8) }*(1+P4)

Var(IC) = {(1+P1)2*V(V1) + Var(V2) + Var(v4)*
(RI+R1*P2)% + Var (V6)*(R24R2*P3)2
+ Var(V5) + Var(v3) + Var(V7) + Var
(V8) }*(1+P4) 2

The distribution of the total cost would thus
be normal with mean, E(TC) and variance, Var
(TC).

The normal distribution has the property that
probability statements can be made using only
the mean and variance. For instance, there is
a 687 chance that the total cost will be be-
tween E(TC) + Var(TC) and a 95% chance that
the total cost will be between E(TC) +

2 * Var (TIC).



Once the mean and variance of the total cost
have been determined, the distribution of the
total cost is completely described since the
total cost is normally distributed. The
functional form of the normal distribution is:

f(c) = 1 _fe-w?
VTG 2

[+ e g

Where u = E(TC) and 0% = Var(TC). This dis-
tribution is then the completion of the risk
analysis.

Let us now investigate the effect of risk on
a Fixed Price Incentive Firm (FPIF) contract
which is commonly used for contracts which
have some risk but not enough to resort to a
cost plus type contract. In particular, the
expected profit and the expected cost to the
government will be expressed in terms of the
following variables:

TC = Target Cost
TP = Target Profit
PC = Ceiling Price

fl

Contractor's share of underruns

= Contractor's share of overruuns

CC = Point of total assumption =
PC—(TC+TP!+TC
1-b
and

f(ec) = distribution of total cost

A profit-cost graph for a Fixed Price Incen-
tive Firm contract is presented in Figure I.
The line segmeants to the left of TC, between
TC and CC and to the right of CC are given
in terms of the cost (C) as
L1 = TP + a(TC - C)
L2 = TP - b(C - TC) and
L3 =PC -C
Thus, the expected profit is given by:
TC cc
E(Profit) = S L1 f(c)dec + [ L2 f(c¢) dec +
TC TC
TC+30
J 13 f(c)de
cC

Of course if CC is greater than TC + 37, then
the last term is dropped.

The expected cost to the government is then
E(TC) + E (Profit).

Notice that the Normal distribution has been
truncated at plus or minus 30 since it isg ex-

of that range.

FIGURE 1

Profic L
b

P

Y
TC cc PCN\ COST

Fixed Price Incentive Firm, Cost-Profit Graph

A computer program was provided to the price
analyst for the calculations necessary for com-
paring different incentive plans. This pro-
gram accepts as input TC, TP, 0, a, b, and PC,
and prints the expected profit and cost to the
government. Also the high and low profits and
cost to the government are printed. The com-
puter program use Gaussion Quadrature as a
numerical integration technique for calcula-
tion of the expected profit.

If, rather than evaluating different incentive
plaus, one wishes to use the risk analysis to
establish targets, ceilings and share ratios,
Figure II demoustrates how this might be done
for a FPIF type contract. The two points TP
(target profit) and WP (warrented profit) must
be supplied by the price analyst. In Figure II,
TC is the target cost and RAC is the risk
analysis cost. With this type of incentive
contract the government shares in overruns and
underruns due to the randomness involved.

FIGURE II

INCENTIVE CONTRACT TP-WP
PROFIT SHARE =RAC-RC

CEILING=RAC + WP
i

i
i
TC RAC \\ COST
I I
| [

E(TC) E(TC) + 3 YVar (IC)

(See next page)

tremely unlikely that the cost will be outside
100

- LR, et R . e P (RSN N S e B T L LA L M = ke s Li gl SR—— S

4



RISK ANALYSIS

COST

E(TC) E(TC)+3 VAR(TC)

A computer program is currently being used by
price analysts for performing the arithmetic
needed. The output of this program is illus-
trated in Exhibit I.

EXHIBIT I
ELEMENTS MINIMUM
MATERIAL COST 8400.00
MGT OVERHEAD INDEPENDENT 0.00
RATE FOR MATERIAL 0.050
INTERDIV TRSFRS COST 1700.00
DIRECT ENGRG LABOR HOURS 85.00
WAGE RATE 11.500
ENGRG OVERHEAD INDEPENDENT 0.00
RATE FOR ENGRG 0.700
DIRECT MFG LABOR HOURS 200.00
WAGE RATE 11.000
MFG OVERHEAD INDEPENDENT 0.00
RATE FOR MFT 1.700
OTHER COST COST 400.00
G&A EXPENSE 0.1000

OBSERVATIONS, PITFALLS, AND FUTURE MODIFICATIONS

In the implementation of the risk analysis de-
scribed above, the author found several prob-
lems which were difficult to overcome and may
still exist. Each of these problems are dis-
cussed below.

1. The price analyst had preconceived defini-
tions of terms which had different statis-
tical definitions. For instant, expected
cost in statistics is a technical term
with a different meaning than the most
likely cost or mode, The definition of
these terms is different than a laymen's
interpretation and therefore created a
great deal of confusion.

SUMMARY, CEILING/SHARE COMPUTATION

SUMMARY, MINIMUM COST
SUMMARY, MOST LIKELY COST
SUMMARY, MAXIMUM COST
EXPECTED TOTAL COST, E(TC)

RISK ANALYSIS COST, RAC

WARRANTED PROFIT

TARGET PROFIT

CEILING PRICE

PERCENT DIFFERENCE BETWEEN RAC AND OBJECTIVE

SHARING COMPUTATION:
WGM PROFIT LESS WARRANTED PROFIT
RISK ANALYSIS COST LESS OBJECTIVE COST
CONTRACTORS SHARE
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MOST
LIKELY MAXIMUM
9000.00 12000.00
0.00 0.00
1800.00 2300.00
95.00 115.00
0.00 0.00
230,00 290.00
0.00 0.00
450.00 500.00
20373.93
22427.07
28887.37

23161.60 EXCEEDED
W/PROB OF 50%

25149.55 EXCEEDED
W/PROB OF 1% OR LESS

1802.47

2779.39

27535.58
11.77%

993.37
2588.34
38.367%



2. Since subjective estimates of the costs
were the basis of the risk analysis, biased
positions were often taken. These biases
were often due to personal feeling towards
what would happen in the future.

3. There tended to be an unconscious attempt
to estimate costs which could be negoti-~
ated and not actual cost. This is very
understandable since the primary job of
the price analyst is to negotiate the con~
tract.

4. Once positions and objectives had been
established and the negotiations began,
adjustments to the inputs to the risk anal-
ysis will most likely not be made because
of the general procedures followed.

5. Target profit was often determined using
profit weighted guidelines which add a
percentage factor because of risk.

6. Future changes to the contract and other
contractor or government actions tended to
make it difficult to define exactly what
total cost was being estimated.

7. The price analyst received point estimates
of most of the cost subcomponents. The
extent of the randomness was subjectively
evaluated. Now that a risk analysis is
being performed, hopefully more than point
estimates can be requested and obtained
from persons furnishing the information to
the price analyst.

Using the current method of risk analysis,
three major assumptions are made which may
cause errors in the prediction intervals if
violated. Each of these are discussed below
with the method by which they are to be avoid-
ed in the future.

1. A major concern in this analysis is an
assumption that the cost subcomponents are
independent. In order to avoid this as-
sumption a different cost breakdown is
needed where all of the costs are indepen-
dent or an estimate of the covariance is
needed. The later is not possible because
of the bulk of information. A different
cost breakdown might be possible for a
specific contract, however, this would
mean that each contract would require a
different cost model and would require a
great deal of statistical and mathematical
sophistication on the part of the price
analyst. The analyst has supplied upper
limits for each cost subcomponents and the
sum of the maximums is printed on the out-
put as summary maximum cost. This would
be the upper limit on total cost if there
is perfect correlation between the cost
subcomponents. At the other extreme of no
correlation is the risk analysis cost also
printed on the output. In order to

compensate for the dependence of the cost
subcomponents, these two extremes of per-
fectly correlated deviations and indepen-~
dent random cost subcomponents can be
analyzed and adjustments made.

2. 1In order to have a normal distribution of
the total cost, the cost subcomponents can
not be dominated by a single cost element.
In the event that this is the case the sum
of the maximum of each cost subcomponent

is again better than the risk analysis cost.

3. The current system agssumes that overhead
rates and wage rates are fixed constants.
The only way to avoid this in the current
system 1s to run the risk analysis with
different values and compare the results.

Currently, plans are being made to change the
procedure being used to one which will assume
that the total cost is Beta distributed and
allow for randomness in the overhead and wage
rates. Note that this will eliminate the last
two assumptions completely. It is the opinion
of the author that neither the information
needed nor the sophistication required will be
available to the price analyst for handling
the interdependence of cost subcomponents in
the near future. These dependencies should be
recognized by the price analyst and adjusted
for.

SUMMARY

The application of risk analysis at ASD pricing
has been very successful. The author feels
that an indicator of this success is the fact
that the price analyst is now starting to think
in a manner which does not solely focus on
point estimates but allows for a consideration
of the risk involved. This must be the first
step and then more sophisticated procedures

can be implemented. With this interest will
come a request for information in a different
format than previously requested allowing for
more accuracy in the risk analysis. Also
recommended is the coordination of efforts of
ASD pricing with those who are considering the
risk assoclated with other elements of the
program.
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THE EVOLUTION OF RISK AND UNCERTAINTY
ANALYSIS FOR APRO

GERALD A. KLOPP
US ARMY PROCUREMENT RESEARCH OFFICE
FORT LEE, VA 23801

ABSTRACT

Uncertainty analysis 1is being applied to an
increasingly larger number of DOD projects.
The starting point for the Army Procurement
Research Office (APRO) has been to develop the
concepts and factors which are important in
its uncertainty analysis. Present work is
concerned with locating appropriate techniques
and automated procedures to implement some of
the original procurement research. The pur-
pose of this article is to present some of the
historical work leading to the use of uncer-
tainty analysis at APRO and to cite specific
references which will be used on future appli-
cations, .

A STARTING POINT: APRO MISSION

The mission of the Army Procurement Research
Office (APRO) is to conduct procurement
research studies leading to the improvement of
Army procurement management, to develop new
procurement concepts and techniques, and to
provide consultation services on procurement
and procurement related functions. The nature
of procurement research has often led research-
ers to use qualitative approaches in their
studies. The application of rigorous analyti-
cal tools has only recently been used by the
procurement researchers.

THE TRANSITION: THE RECENT STORY

Much of the past work of the APRO has laid a
conceptual groundwork for future uncertainty
analysis. This work has been concerned with
establishing relevant criteria and the analysis
of individual programs (Should Cost Analysis,
evaluation of competitive strategiles, to name
a few). This has led to a greater understand-
ing of the important factors which will be
included in future uncertainty analyses. By
understanding the interrelationships amongst
various factors, the procurement community has
begun to more effectively articulate the pro-
blems and desires of uncertainty analysis.
However, past efforts have centered more on
establishing a cause/effect relationship with
the goal of finding relationships and methods
which reduce or eliminate the uncertainty.
Whereas these studies have recognized that
complex trade-offs had to be made, little
effort was expended in developing methodologies
for this trade-off analysis.

*Numbers in parentheses denote the number
referenced in the list of references.
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More recently, the procurement community is
becoming more receptive to the concept of un-
certainty analysis. For example, the APRO
Study 806-1, Relating Acquisition and Contract
Planning, completed in June, 1979 (10)*, illus-
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